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Disclaimer: 


Please note the information contained within this document is for educational and 
entertainment purposes only. All effort has been executed to present accurate, up-to-date, 
and reliable, complete information. No warranties of any kind are declared or implied. 
Readers acknowledge that the author is not engaging in the rendering of legal, financial, 
medical, or professional advice. The content within this book has been derived from various 
sources. Please consult a licensed professional before attempting any techniques outlined 
in this book. 


By reading this document, the reader agrees that under no circumstances is the author 
responsible for any losses, direct or indirect, which are incurred as a result of the use of the 
information contained within this document, including, but not limited to, errors, omissions, 
or inaccuracies. 


Introduction 


Solar power has advanced to turn into a sustainable wellspring of 
energy and a wellspring of force. Its applications are unending, and 
enhancements in the expense and proficiency of planetary groups 
have soared throughout the most recent ten years. It is less 
expensive around the world to deliver power using sun-oriented 
exhibits than using coal. 


Our sun genuinely is the wellspring of all life and energy in the world, 
and we would give such a raw deal to the climate if we didn’t get 
more energy straightforwardly from this source. Sun-oriented power 
is solid and unsurprising. You can undoubtedly follow it because of 
the sun’s force to where mists passing and shutting out the sun will 
cause a perceptible drop in the energy created by sun-based panels. 


This book will turn out every one of the ideas around planetary 
groups and how you can introduce your own. It will cover the 
fundamental outline of what sun-oriented power is, the way you can 
plan a compelling planetary group, and assist you with looking over 
every one of the various items out there on the lookout. You will be 
taken through certain ideas around power so that, regardless of 
whether you have no information in this field, you will be equipped to 
introduce your own nearby planet group. In this book, we must now 
and will again reliably emphasize the importance of wellness while 
working energetically. It is still exceptionally risky by the day’s end, 
so you should play it safe, wear individual defensive gear (PPE), and 
follow the prescribed procedures. PPE comprises attire intended to 
safeguard you. While introducing and testing your nearby planet 
group, protected gloves and security boots are simply the main 
things to safeguard from injury. 


It is also vital to illuminate that there are regulations and norms 


around using planetary groups, especially when you are 
interconnected with your power provider. This book will cover a 
portion of the essentials, yet they change from one state to another 
and country to country. They are set up for an explanation, and it is 
easy to guarantee that you consent to them and work with them to 
ensure that you have the best framework possible. 


If, on the other hand, you are installing a completely off-grid solution, 
then you only need to follow standards and safety precautions for 
your own benefit and don’t necessarily need to register with your 
electricity supplier. It is positive to see different regulations and 
principles being handled by power providers since it shows that they 
Support purchasers making use of sun-based as much as could 
reasonably be expected. This book will zero in on the limited scale, 
off-matrix nearby planet groups to that you can introduce yourself. 
The essential center regions will be Recreational Vehicles (RVs), 
lodges, minimalistic houses, vehicles, boats, and other local 
locations, like bigger homes. There are numerous similitudes in how 
the frameworks work. The main difference is in the physical scale, 
installation procedures, and specific products necessary for 
particular applications, such as water-tight units for boat applications. 


In the twenty-first century, there is a reestablished drive for 
individuals to turn out to be more independent and maintainable. You 
can diminish your carbon impression, help the climate, set aside 
cash, decrease your gamble of disasters and create your own 
perfect energy to use in any way you pick. The main thing it requires 
is time, energy, and starting capital expense. Other than that, 
essentially nothing remains to be lost in introducing your own special 
planetary group. Before finishing this book, you will be completely 
prepared to do it yourself! 


Dear reader. 


| have worked hard on this text. | have researched it thoroughly to 
make material available to you that can be helpful and take away all 
your doubts. 


If you like the book’s content, please review your purchase on 
Amazon with a positive review. By doing so, you will help other 
readers who, like you, are looking for a text that can help them. 

That would be very important to me, and for that, | thank you for 
what you will be able to do. 


Chapter 1 
What Is an Off-Grid Solar Power 
System, and What Are Its 
Advantages? 


Solar power may not be a very common topic in your everyday life, 
but it is one of the quickest and least expensive ways to reduce your 
energy bills. When you commit to solar power, you'll never run out of 
energy again—because all the energy that powers your home will be 
generated from the sun. In this chapter, l'Il show you what an off-grid 
solar power system is and how it works. 


What Does “Off-Grid” Mean? 


Off-grid solar power systems are designed for areas without access 
to an electrical grid. You may have heard about having an off-grid 
system at your home and wondered what it meant. If you’re in an 
area of the world with access to the electrical grid, you probably use 
electricity and never think twice about the energy source that’s 
providing power to your home. But those who live off-grid do not 
have access to a central power source, and so they are required to 
generate their own power. Without access to the electrical grid, many 
of these people use their own solar panels combined with a battery 
charger/storage system. These off-grid solar power systems are very 
often used in mountain homes, cabins, and other areas that are 
difficult to run a line from. 


Lying at the focal point of our planetary group is a massive, 
consuming combination reactor; the sun. The entire day, hydrogen is 
changed over into helium for a huge scope, delivering hotness, light, 
and energy. The light the sun discharges shows up on Earth as 


photons. Every photon conveys energy, and sunlight-based power is 
our approach to saddling that energy (Marsh, 2019). Sunlight-based 
power is gathered based on what is known as sun-based irradiance. 
This basically implies that the more serious the daylight is, the more 
energy it conveys with it. This implies that you can tackle more 
energy per sun-powered charger in light-serious areas. 


How Can You Harness Solar Power? 


There are two manners by which we can create power using energy 
from the sun. Warm catching is used undeniably less for limited 
scope power age and is just used in huge scope power age plants. 
From the word warm, you ought to perceive that this is the creation 
of energy from the hotness that is given by the sun. There are 
additionally uninvolved manners by which you can use this energy. 


Solar warm catching is normally parted into three classifications; low, 
mid, and high temperature. Low-temperature catching is commonly 
used in warming and cooling, for the most part, in structures and 
living spaces. It is uninvolved, and a model is giving normal light into 
your home for warmth access during the colder time of year and 
obstructing the sun to keep a cool inside temperature during 
summer. The second type of sun-based warm catching is in mid 
temperatures. An illustration of this would be in using sun-oriented 
springs. Heat is caught, and the hotness energy is moved to water in 
the actual fountain. It is a self-coursing framework and an enormous 
expense saver contrasted with fountains using electrical or gas 
components. At long last, there are high-temperature sun-oriented 
warm catching frameworks. An illustration of this framework would 
be concentrated sun-oriented plants that reflect daylight using a 
variety of reflector boards and spotlight it on tubes containing a liquid 
that assimilates nuclear power effectively. The high measure of 
concentrated daylight gives a lot of hotness consumed by the liquid 
and is used to turn water into steam to move a turbine. 


The other technique for changing over energy from the sun into 
power is using the photovoltaic interaction. The sort of planetary 


group that we will zero in on in this book is sunlight-powered 
chargers that use this cycle. All limited-scale nearby planet groups 
that create power for homes, lodges, RVs, boats, and different 
vehicles use these sunlight-based chargers. For this reason, 
numerous planetary groups are alluded to as photovoltaic (PV) 
clusters. It’s useful to get this language and perceive the reason why 
it is used. An exhibit is a portrayal of a few boards mounted together 
to create power. 


Advantages of the Off-Grid Solar Power System 


A solar power system is a great investment, as it is environmentally 
friendly and cost-effective. With an off-grid solar power system, you 
will be able to power any appliances that you need without having to 
rely on the utility company or grid. 


Off-grid systems are becoming increasingly popular, especially with 
new energy technologies like batteries. These systems include 
storage devices such as battery banks and home generators that 
allow homeowners to produce their own electricity in times of need. 
This renewable energy source solves many issues in a country 
reliant on fossil fuels (coal, oil, etc.), such as air pollution and climate 
change. 


When you are considering a solar power system, you will want to 
find out what the advantages and disadvantages are. This article will 
help you achieve those goals. 


Off-grid systems give consumers more say over the way they use 
energy. Instead of having your energy provided by a utility provider 
who may be viewed as less than reliable, you can control your own 
power sources. This is especially important as many utility 
companies have relaxed their policies on “tiered pricing,” which 
allows them to raise prices during times of peak demand. 


Many people are drawn to off-grid solar power systems because of 
the financial incentive. Cost is a major factor in the growth of this 
market. The price of solar panels has fallen by 80% in the last 


decade alone, which makes it easier to save money on your 
electricity bill. AS more people adopt this technology, prices will 
continue to fall. 


Not only do you save money, but you also help the environment by 
reducing your carbon footprint. This enables you to take control of 
your energy consumption and to produce much fewer greenhouse 
gas emissions than those who live in communities where electricity 
is only produced from fossil fuels. 


The cleanliness of solar energy makes it appealing to many 
homeowners. In addition to being environmentally friendly, solar 
energy is also a great alternative to fossil fuels. Most people want to 
help the environment as much as possible, and this is one way that 
you can do it. 


In addition, off-grid solar power systems are much simpler than 
traditional grid systems. It does not use electric lines or any other 
type of wire to connect your home system with the utility provider’s 
main grid. This means that you have more freedom in choosing 
where you place your supplies and how they are arranged. 


A big benefit of off-grid solar power systems is that they are easy to 
install. If you can follow instructions, then you can install a basic 
solar power system without hiring a professional. You may need 
some help from friends and family, but it can be done without 
spending thousands of dollars on professional support. 


Most homeowners have enough room on their property for a small 
solar panel array. You may need to purchase some additional land to 
spread out your panels, but this is not usually an issue. There are 
even companies that are willing to purchase your extra land to build 
on it, which saves you the hassle of trying to sell it yourself and 
waiting for the sale process to complete. 


There is some truth to the old saying that it is better to give than to 
receive, as giving money to charity is always a great addition. Of 
course, everyone wants to give when they are able generously. This 


means that many people are willing to pay for the privilege of 
receiving clean energy through these systems. 


Most off-grid systems have a price tag in the range of $15,000 or 
less. This number can be reduced if you have a smaller system, but 
most homeowners will find this price tag well beyond their budget. In 
reality, most people who choose not biochar science wholesale 
prices purchase will be required to make sacrifices or take on debt to 
afford it. 


In addition, you will want to take into account the costs associated 
with having your system installed. Most solar panel installers charge 
a few hundred dollars per hour, though the cost can be higher if they 
have to travel to your home. It is a good idea to make sure that they 
are insured and bonded before you hire them so that you are not 
taking on extra risks in case of an accident during installation or 
defect later on. 


Many people wonder if it is worth it to purchase a solar power 
system for their homes. There are many benefits that you can 
anticipate from this type of investment. 


Chapter 2 
Typical Off-Grid Solar System 
Diagrams and How Does an Off- 
Grid System Work 


Charge Controller 


DC Load 


Lo m-a 


AC Load 


Solar Panel 


ssarkar- Inverter 


Battery 

Off-grid solar power (OGSP) is the endeavor of providing energy for 
a home or business that is not connected to the grid. This type of 
power system requires some basic resources and knowledge but 
offers abundant benefits when it comes to off-setting electricity costs, 
optimizing energy usage of individual homes or businesses, and 
Supporting self-reliance. Off-grid solar power systems should be 
considered viable alternatives to grid utility power in many situations. 
A critical part of an OGSP system is the battery bank—storing 
generated electricity for later use—which helps maintain output 
levels over long periods without sunlight. 


Off-Grid Solar Power Systems are also referred to as “home,” “off- 


grid,” and “independent” solar power systems. These terms have 
different meanings in the industry, as off-grid solar power systems 
usually require a battery bank. The generator provides output power 
to the home and/or business using alternate energy sources. These 
include electricity from tidal and hydrokinetic sources (i.e., tidal 
power generators or hydroelectric generators that can use river 
water), wind power generators, and thermal (e.g., biomass) power 
generators (which are designed to convert heat directly into 
electricity), etc. The battery bank stores electricity produced from the 
generator(s) and enables off-grid solar power systems to maintain 
sufficient power levels over periods of unused grid electricity, 
allowing output to continue at desired levels. 


Sometimes referred to as “off-grid energy systems” or “net-zero 
energy systems,” GRBs have many advantages over grid power, 
such as lower electricity bills, less reliance on fossil fuel Sources, no 
special meters (often found in grid-connected homes), greater 
control over energy use, and less noise and pollution. 


A solar panel captures the sun’s energy and converts it into usable 
electricity using the photovoltaic effect. This energy then passes 
through an inverter (converts direct current [DC] to alternating 
current [AC]) before reaching a battery charger, which stores the 
excess energy created by your panels in batteries. 


You can then use these batteries to provide power to your house 
during hours of diminished solar exposure or use the stored energy 
to charge other devices. 


Solar cells being the source of energy for any photovoltaic (PV) 
system, are an excellent investment. These devices are built of 
silicon, which is the most plentiful and economically appealing semi- 
conductive material for use in the production of solar panels because 
of its abundance and affordability. In the same way, as each other 
element in the periodic table is made of electrons, neutrons, and 
protons, silicon is formed of the same elements. The photoelectric 
effect is a physics phenomenon that was established by Albert 


Einstein and is responsible for the mechanism that causes solar cells 
to create electrical energy. It is simple to explain that the physics 
underlying it involves the transition of energy from light into 
electricity. Solar radiation encompasses a wide variety of 
wavelengths. Solar radiation may be separated into two principal 
components based on this spectrum: ultraviolet and visible light 
(more commonly known as heat and light.) 


The visible light zone contains the wavelength range of solar energy 
that solar panels may employ to generate power. Sunlight particles, 
known as photons, have inherent kinetic energy that drifts them 
towards the Earth. Whenever these particles originating from the 
sun’s surface reach the silicon interface of the solar cell, they 
transmit their kinetic energy to the silicon atom’s electrons. This 
energy transfer causes the silicon to act as a conductive material, 
allowing a modest electric current to flow. Without delving into more 
science, the output of the solar cells may be combined using 
series/parallel connections to form a structure known as a 
photovoltaic module. This enables us to enhance the electric current 
and voltage values, as well as the power outputs that are feasible for 
usage in typical market applications. The above idea applies to all 
solar panels. 


There are several distinctions to be made between PV modules. As 
a consequence, we can categorize solar panels depending on their 
working technology into three further types that are explained 
comprehensively in the upcoming chapters. These types are rigid 
(monocrystalline), semi-flexible (polycrystalline), and flexible 
(amorphous) solar panels. 


Panels come in a range of forms and sizes. All of the information 
presented so far applies to all solar panels. There are certain 
differences amongst PV modules that are worth mentioning. The 
most common type of solar panels is monocrystalline solar panels 
which are no doubt the most costly but highest-quality kind of 
photovoltaic module on the market today. With conversion 


efficiencies ranging from 19 to 22%, these modules provide the 
greatest light-to-electric energy conversion efficiency on the market 
(for recent top brands). As a consequence, they are being 
investigated for use in a range of PV applications, notably those with 
limited space for solar cell installation. They are more expensive 
because of their improved performance. These PV modules are also 
in great demand in the market for recreational vehicles (RVs), 
cabins, and boats because they use the available space to generate 
the maximum electrical energy. They are also often found in a range 
of home-related applications due to their appealing black or dark 
blue tint. The manufacturing method of monocrystalline solar cells 
produces a rounded shape edge on the cell’s outside edge. 


Batteries operate by an electrochemical process that includes a 
twofold conversion of energy. The first conversion is used to charge 
the battery and consists of converting electrical energy to chemical 
energy. The second conversion step is created by converting 
chemical energy to electrical energy. This is done throughout the 
discharge procedure. This is the underlying concept that underpins 
the operation of all batteries. Two electrodes made of different metal 
components must be employed to make this energy conversion 
feasible as both terminals of our solar system’s voltage source 
(positive and negative). There must also be an ionic medium that 
links both electrodes. This is generally referred to as the electrolyte, 
and it is a liquid composition that permits electrons to move between 
electrodes. The voltaic cell is the term given to this whole system. 
The battery is made up of numerous cells that are arranged in a 
certain pattern. They can be classified as either sealed or vented 
based on different orientations and pattern arrangements. 


When operated within specifications, sealed batteries are, as the 
name suggests, sealed against leaking or loss of electrolyte. The 
design will allow for operating in any position. The generation of gas 
inside the battery is managed to enable the recombination of more 
than 99 percent of the gas produced during typical usage. These 


batteries include a low-pressure venting mechanism that will 
automatically release excess gas and reseal the battery if the gas 
pressure climbs over the typical rate. While the sealed battery is 
normally deemed safe to use in enclosed places, the low-pressure 
venting capacity will still enable some gas to escape under certain 
situations. As a result, it is critical to follow all of the same safety 
precautions that must be taken when using standard wet-cell 
batteries, especially when charging. Because of the use of large lead 
calcium-alloy grids, these batteries are especially well suited to UPS 
Operation, where severe discharge and cyclic usage are prevalent. 


A charge controller is an integral component of practically all power 
systems that charge batteries, regardless of if the power supply is 
PV, wind-based, hydro, fuel, or utility grid. Its goal is to maintain your 
batteries properly nourished and safe over time. 


A controller’s fundamental functions are relatively straightforward. 
Charge controllers prevent reverse current and overcharging of 
batteries. Some controllers additionally prevent battery over- 
discharge, protect against electrical overload, and show battery 
status and power flow. Let’s have a look at each function separately. 


Another role of the charge controller is to harvest solar power 
effectively and safely from the PV modules and to regulate the power 
output of the solar array to the needed voltage for the battery (it is 
either 12V, 24V, or 48V). When solar panels are connected in 
parallel series, the voltage of the string may reach values greater 
than the nominal voltage values for the battery bank. 


If the solar panels were directly connected to the battery without the 
need for a charge controller, the battery would be overcharged, 
which would damage or kill it. The charge controller frees the design 
engineer from carefully matching the PV voltage to the battery 
voltage and enables longer strings than would have been possible 
without the charge controller. The figure above shows the connection 
setup of the Shunt and Series controller, the two major types of 
Charge controllers. 


Solar inverters can aid you in converting the direct current (DC) 
electricity provided by solar PV modules to alternating current (AC). 
These solar inverters have charge controllers. They are essentially 
classed as On-Grid Inverters and Off-Grid Inverters. 


Types of Inverters 


Inverters linked to the grid are known as on-grid inverters. They 
convert the DC electricity out of the solar PV module and provide it 
to the load. If the load demands more power than that provided by 
the solar PV modules, such a type of inverter guarantees that the 
excess power is obtained from the grid. If the electricity generated by 
the PV panels is more than what is necessary, the surplus power is 
transmitted to the grid. Because these on-grid inverters cannot 
connect to batteries, they cannot be used when energy storage is 
required. 


The other type, Known as an Off-grid inverter, is not directly linked to 
the grid. They are, however, linked to batteries, allowing them to 
store energy. Solar PCUs (Power Conditioning Units) or solar off-grid 
inverters may be connected to the grid in India. Unfortunately, the 
grid connection is not the same as the interconnection in On-Grid 
inverters. 


When there is insufficient solar electricity from the solar PV modules, 
the Grid connection is primarily used to charge the battery and 
power the load. Unlike on-grid inverters, off-grid inverters do not 
transfer electricity between both the grid and the PV module. The 
electricity to load here is supplied by either the grid or the battery. 
When there is enough solar electricity throughout the day, the battery 
is charged initially using solar PV panels. When the battery is 
completely charged, the extra power from the solar PV module and 
the battery is used to power the load. 


During the night, the grid distributes electricity to the associated load. 
When there has been a power outage throughout the night, the 
battery gives electricity to the load. If electricity is restored overnight, 


the grid will recharge the battery. The battery will be recharged using 
solar power if electricity is restored throughout the day. 


Understanding the concept of Photovoltaic connectors first before 
going forward toward a complex solar system would help us 
comprehend the topic in a better way. Also, they are important in 
Solar Power applications as they are used to connect solar panels in 
defined arrays in solar power applications. They provide 
interoperability between power interfaces from various vendors. The 
simplicity of installation, ease of configuration, high current carrying 
Capacity, and resilience under adverse climatic conditions are all 
important properties of solar panel wire connectors. Because solar 
panels work in harsh environments, all solar connection gadgets and 
equipment must be resistant to the harmful environmental impacts of 
solar radiation, moisture, and dust intrusion. As long as all wire 
gauge standards are followed, solar panel connectors feature built-in 
UV protection and are intended to have a robust seal. 


Solar panels must be able to tolerate large currents since they are 
often stacked closely in parallel arrangements for low voltage 
(12Volts) systems. Solar panel wire connectors should have poor 
mechanical and contact resistance to decrease power losses and 
related voltage dips. Solar panels may also be connected in a series 
sequence for high voltage systems. 


The high voltage must be insulated to avoid electric shock. Insulation 
is required for high current conductors to avoid electric arcs from 
forming if wires are accidentally shorted. Historically, the varieties of 
solar panel connectors were manufacturer specific. The simple 
phone jack connectors prompted the creation of a “common” form of 
connector—the MC4. These are lockable weather-sealed phone 
jacks. 


An electromechanical component that maintains a continuous 
voltage output to a load, regardless of any changes or fluctuations in 
the input, i.e., the incoming supply, is known as Voltage Stabilizer 
(referring to Automatic Voltage Regulator) is another name for 


Voltage Stabilizer. Its usage is not restricted to household/office 
equipment that is powered from the outside. Even ships with their 
very own internal power source in the form of Diesel Alternators rely 
largely on these AVRs to ensure the safety of their equipment. 


Different kinds of Voltage Stabilizers may be found on the market. 
Many manufacturers produce both analog and digital automated 
voltage stabilizers because of increased competitiveness and 
increased knowledge of safety equipment. Depending on the kind of 
application, these Voltage Stabilizers can either be single-phase or 
three-phase. 


An LPD network is comprised of air terminals, ground electrodes, 
and bonding conductors that offer a low impedance route to the 
ground for probable lightning strikes. These components are being 
used to keep buildings safe from lightning strikes. 


Due to their large surface area and placement in open locations, 
photovoltaic systems are vulnerable to direct and indirect lightning 
strikes, which may result in equipment failures and power outages. 
Indeed, lightning strikes generate a magnetic field surrounding the 
flash channel or conductors, causing triggered surges in all of the 
installation’s wire loops. 


Overcurrent protection devices like fusible links have a filament 
inside that warms up when current passes through it. When a current 
higher than the allowed limit flows through the filament, it warms up 
beyond its thermal capacity resulting in the melting of the filament. 
The circuit is opened when the wire within the fuse melts. The 
following factors may cause an overcurrent: 


e An increase in demand for current from electrical loads 
causes an overload that exceeds the design limit. 
e A short circuit happens when a defect in the circuit occurs. 


Another common safety device for overcurrent protection is the 
circuit breaker. When an electric current greater than the rated value 


is present, a bimetallic contact warms up and swells, providing 
thermal protection. This prevents the circuit from being overloaded. 
High fault currents are promptly responded to by a magnetic 
protection system, which protects the electrical circuit against both 
short-circuits as well as overcurrent. 


It is advised that fuses be used in circuits with components that do 
not readily trip. This is where your solar system’s DC power comes 
in. Circuit breakers are designed to safeguard several electrical 
circuits and may be reused each time they trip. Because greater 
currents travel through this circuit, you'll need to employ fuses 
designed particularly for safeguarding the battery bank, and the 
shielding rate of these devices will ensure that the batteries aren't 
damaged. Finally, circuit breakers are more often used to safeguard 
loads in the primary AC panel in residential-sized or off-grid PV 
systems. Due to the presence of higher values of current in DC 
systems, using DC circuit breakers may be highly costly. As a result, 
fuses are recommended. 


Cables for Batteries 


Depending on your off-grid use, the batteries will either be in a 
compartment of the RV or a separate compartment. During the 
summer, these rooms may be subjected to high temperatures as well 
as increased wetness and humidity levels. 


Furthermore, they may be exposed to damp weather (sea/lake water 
if traveling by boat) or a rainy day (especially if you are in an RV.) 
Furthermore, off-grid deep cycle batteries would sometimes release 
internal gases into the environment, and in the event of breakage or 
leaking, chemicals would be exposed to the wires. This is why a 
different cable called THWN-2 (Thermoplastic Heat and Water- 
Resistant Nylon Coated) is being used commercially. This cable can 
withstand temperatures up to 195°F in both dry and wet 
environments. They are also flame retardant and, owing to the nylon 
covering, offer good resistance to abrasion from oil and chemical 
agents. These characteristics make it perfect for applications 


requiring the connection of 12V batteries. 


Electricity Basics, Understanding an Electrical Circuit 
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In order to reach your devices and appliances, the energy you draw 
from your solar panel has to travel through an electrical circuit. Let’s 
see how this works. 


Basically, electrical circuits are just like racing circuits. Cars fire their 
engines at the starting line and run at high speed all along the circuit 
until they end up at the same spot where they began. 


The same goes for electricity. The starting point is your battery’s 


positive pole (red). The electrons race through the copper wire until 
they reach the battery again, this time on the negative terminal 
(black). 


Now, what would happen if the racing car makes no pit stops along 
the circuit? Tires will melt, and the whole vehicle will be put at risk. 


Again, the same goes for electricity. If you don’t put “pit-stops” or 
barriers along the circuit (Switches, fuses, fridges, lights, etc.), the 
current will circle non-stop at high speed through the wires, causing 
overheating and possibly bursting the whole system. 


The good news is that a similar endless loop, which is known as a 
“closed circuit,” is utterly useless to us. We want to power up our 
devices and appliances. That’s the whole point of it. 


So, this is what we do. We place our obstacles on the circuit to use 
up electricity, and that’s how we light our houses and watch TV on 
the couch. And as long as you do this, your circuit should be fine. 


But remember that electricity has to come to the finish line in the 
end. Otherwise, nothing will work. 


Another interesting aspect that is worth noting is that electricity won't 
stop flowing. A lightbulb without a circuit breaker will stay on forever. 
Or at least until the bulb doesn’t get consumed or the battery doesn’t 
exhale its last breath. That’s why we use switches to break the circuit 
and stop the electricity from flowing. 


AC/DC 


You’ve probably known that electricity flows in two ways, either AC or 
DC, forever. But what does this mean concretely? 


DC stands for Direct Current, and it describes an electrical signal 
that flows across the circuit steadily in a single direction. AC stands 
for Alternating Current, and it describes an electrical signal that 
keeps switching directions. 


AC is used to deliver power to our homes, offices, and industries 


because of its many advantages over DC when it comes to 
transmitting electricity over large distances without too much energy 
loss. 


Very nice, Andy, but what about real life? 


Well, | will oversimplify this a bit and make some generic statements 
here that are not always true but are mostly true. 


As | mentioned, AC is used to transport electricity over the grid, so 
the classic signal that comes to your house’s plugs is AC. The 
electricity generated from motors, dynamos, and similar is usually 
AC. 


The electricity generated from batteries, Solar Panels, and similar is 
usually DC. Heavy appliances like fridges, conditioners, washing 
machines, and similar use motors, pumps, and compressors on the 
inside and thus operate with AC. 


Electronic devices like laptops, TVs, audio sets, and similar, on the 
other hand, operate with DC. They usually have an internal or 
external inverter that turns the AC signal from the wall in DC. 


As | said, this is generic information. Always check your devices and 
appliances before messing with them. AC and DC don’t quite like 
each other, and if you force them to talk by plugging AC in a DC plug 
or vice versa, this can end very badly for your device. 


Units 


Volt-Voltage 


Voltage is the alteration in charge between two points. That 
difference is what moves electrons through a circuit generating 
electricity. 


You can think of it as the amount of pressure required to move the 
electrons. 


In the case of your battery, voltage is the alteration in charge, or 
electric potential, between the positive pole and the negative pole. 


Voltage is measured in Volts (V). Conventionally, voltage is indicated 
with the letter V. 


Ohm-Resistance 


Resistance is the item’s inclination to counterattack or resist the flow 
of charge (or Current). A resistor will create friction and slow down 
the course of electrons, therefore reducing the rate of the flow. 


Every material has a different resistance value. Copper, for example, 
has a very low resistivity, which makes for a great conductor. That’s 
why it is commonly used to make wires and allow Current to flow 
easily across a circuit. 


On the contrary, carbon has a high resistivity, which is why it is 
usually used in resistors. 


Resistance is measured in Ohms. Conventionally, resistance is 
indicated with the letter R. 


Watt-Power 


Power can be defined as the amount of energy consumed to do a 
specific task. A standard incandescent lightbulb, for example, 
consumes 60 Watts of energy. Power is measured in Watts (W). 
Conventionally, power is indicated with the letter P. 


Electrical Energy Consumption 


To calculate how much energy is consumed by our appliances, we 
usually consider either how much power they draw in an hour (Watt- 
hours or Wh) or how much Current they need in an hour (Amp-hour 
or Ah). 


When consumption is high, it is usually expressed in kilowatt-hours 
(kWh). Amp-hours are commonly used to indicate the amount of 
energy batteries store, so you'll want to keep an eye on this Ah sign. 


Useful Formulas 


Learning to calculate the energy consumption of our appliances is 
key to designing a PV system that covers our needs. That is why we 
will have to learn some basic formulas. 


Electrical Variables Symbols 
e Voltage = V (unit being Volts) 
e Current = I (unit being Amps) 
e Resistance = R (unit being Ohms) 


e Power = P (unit being Watts) 

e Time =t 

e Ohm’s Law 
Current, Voltage, and Resistance, are closely related to each other, 
and that relationship is described by Ohm’s law. 

e V = | x R 

e | = V E R 

e R = V E | 


Power 


e P=Vx I 
e V=P-| 
e |=P+V 


Amp-Hours 

Amp-hours is the unit used to calculate the capacity of battery banks, 

which is a critical value to consider when designing your PV system. 
e Amp-hours = Amps x hours 

This formula will give you an idea of how many currents you can 

draw from the battery in an hour to power up your appliances. 


For example, a basic AA alkaline battery with a capacity of 2 Ah will 
supply 2 Amps in one hour. 


It could also supply 1 Amp in two hours and so on. To find out the 
Current consumption in a different time frame, you just have to divide 
Amp-hours by the time (expressed in hours) that you’re looking for. 


e Ah + t (in hours) = Amps x your time frame 


Examples: 
How many currents would a 10 Ah battery provide in 5 hours? 


e 10 Ah+5h=2 Amps in 5 hours 
How many currents would a 10 Ah battery provide in half an hour? 
e 10 Ah + 0.5 h = 20 Amps in half an hour 


Energy or Watt-Hours 


This unit is used by electrical companies to bill your energy 
consumption. 


You may be used to kilowatts-hours, though. That’s because Watt- 
hours is a large number. Therefore, kilowatt-hours are more 
convenient to use. 


e 1 kWh = 1,000 Watt 


Therefore, to calculate the amount of energy you consume in one 
hour, you use the formula: 


e. E=Pxt 
Example: 


e E=2,000 W x 1 hour 
e E = 2,000 Wh or 2 kWh 
In order to Know how much money your energy needs cost you, 


you'll have to check the rate per kWh of your energy provider. In the 
USA, the average rate is $0.12 per kWh. 


When you do such calculations, remember to convert Watt-hours 
into kilowatt-hours. 


Basic Circuits 


Ground Chassis Battery 


) : 


Isolator Switch Circuit Breaker Accumulator 
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Resistor Fuse Light Bulb 


Basic Electrical Symbols 


Switch 


Wire 


Ultra-Simple Circuit 


This is the scheme for the basic circuit. You’ve got the power source, 
the switch, and the light bulb. 


Remember red wire for positive, black wire for negative. In the 
following diagrams, though, we'll be using blue for negative, just for 
visual clarity’s sake. Black will display neutral. 


Series and Parallel 


If you need multiple light bulbs (or appliances), you have two 
options. Either you mount them in series or parallel. 


Here’s the difference. In a series circuit, there is only one path for the 
current to flow. This means that starting from the positive terminal (+) 
of the battery, electricity will first pass through Light 1, then through 
Light 2, and finally through Light 3 before starting off again. 


The thing is, each light (and each appliance) has a resistance that 
slows down the Current flow. Therefore, there is less Current going 


through, and the lights are dimmer. That’s because of Ohm's law. 
The same voltage divided by more resistance equals less current. 
Another downside is that a switch on a series circuit will open, or 
break, the entire thing and turn all the lights off. 


+| = 


In a parallel circuit, however, the current has multiple paths to flow. 
Each path is called a branch and is, in fact, a different loop. Each 
branch has its own resistance and is not affected by the resistance 
insisting on other branches. 


Therefore, each bulb gets the full amount of Current and lights 


properly. You can also install a switch on every branch to have 
control over single lightbulbs. 


Of course, you can also design a circuit that is a combination of 
series and parallel. In this example, I’ve added an extra switch in the 
series so that | can turn all the lights off at once if | want to. 


| = 


Safety and Fuses 


Now that we’ve seen how basic circuits work, let’s talk about safety 
for a minute. 


Sometimes for many reasons, an excessive amount of current can 
occur, causing short circuits, overloading, mismatched loads, or 
device failure that can damage your devices. 


To avoid that, we use fuses. 


Fuses are basically small components that hold metal wire designed 
to melt when too much current flows through it. When the fuse fuses, 
the circuit breaks; this prevents that excessive amount of current 
from ruining the rest of the system. Long live fuses! 


Safety Grounding and Earthing 
Another fundamental thing to ensure safety is grounding. 


As the name suggests, grounding (Sometimes called Electrical 
Ground) is an electrical connection to the ground. Why do we do 
that? 


Because high-Voltage electricity that can occur during power surges 
is dangerous, it can instantly fry your appliances, possibly start a fire 
and even cause physical injuries. 


As Earth is the best conductor and electricity always chooses the 
least resistive route, grounding gives excessive current somewhere 
to go other than into you, possibly saving your life. It is like a backup 
pathway in case there’s a fault in the wiring system, discharging the 
fault current to the ground and restoring balance. 


You need to place a wire between the current-carrying part (neutral 
wire) and the Earth via a copper ground rod to ground an electrical 
system. 


Earthing (Sometimes called Chassis Ground) is the same thing, the 
only difference being you'll place a wire between the equipment body 
(like your solar panel) and Earth. Earthing is usually made with green 
wires. 


In a mobile setting like RVs, “ground” is the chassis of the vehicle. 


PV Panel Metal Frame PV Panel Metal Frame 


Or 


Earth Chassis 


Nowadays, you can find Internet tutorials on how to complete almost 
any home renovation project. While you will find the Internet flooded 
with articles on how you can install solar panels yourself, you still 
need to read up on the pros and cons of each, as well as to have it 
installed professionally or get it done on your own. Each process 
comes with its own demands, and if you choose to go down the DIY 
route, you need to take the necessary precautions, avoid technical 
faults, and use the right tools for the process. This is because any 
seemingly minor mistake can damage your entire system or cause 
you great harm. You need to keep in mind that while this can be a 


great option when it comes to saving on cost, it is a rather 
complicated and dangerous procedure. Whether you choose to 
purchase solar panels at home, at a home renovation store, or order 
them from a specialized solar power company, make sure you 
contact the manufacturer for clear step-by-step instructions on how 
to do it seamlessly. 


A few years ago, the DIY installation of solar panels wasn't really an 
option. They were just being introduced onto the market, fewer 
people were aware of all the benefits that a privately-owned solar 
power system could offer, and only professionals had the needed 
know-how on how to install solar panels correctly. Fortunately, you 
can now shop for solar panels separately without having to stick to 
the company’s installation services. If you want to take on huge 
home improvement projects, then this may be just the perfect 
challenge for you. Perhaps the best thing about doing it yourself is 
that you can begin whenever you want as long as you have the kit 
and tools. If you wait for a solar company to do it for you, you can 
wind up waiting for months before they start working on the project. 
This is because you have to abide by the company’s schedule and 
its availability. Doing it all by yourself can also save you a lot of 
money, especially if you're buying solar panels at a third-party 
retailer. Solar power systems sold at home renovation stores are 
usually much cheaper than the ones that you buy at a specialized 
company. Besides, the company will also probably charge you for 
additional freight and installation costs. The price of a solar power 
system purchased at a company, less the services mentioned and 
government incentives deductions, can be around $35,000. If you 
decide to figure it out yourself, you can save around $15,000, 
depending on the type, quality, and the number of solar panels that 
you purchase. 


On the other hand, installing solar panels on your own can be very 
complicated. Even if you manage to do it, the chances are that the 
installation will be faulty, posing great threats to the safety of your 


home and family. You need to contemplate whether you feel positive 
about working with electrical wiring at a height. You also need to 
keep in mind that you may not be able to connect your solar panels 
to the main power grid. Connecting your solar power system to your 
utility company’s power grid may require you to file permits. These 
permits are usually signed off on by specialized or professional solar 
power system providers. They may not accept your request if you 
don’t resort to professional help because of liability issues. If you are 
installing an off-grid solar power system, which is the main subject of 
this book, you should ensure that your chosen panels can 
comfortably support all your needs regarding electricity. There are 
also advantages to having a professional provider install your solar 
panels for you. Although it is much more expensive to purchase and 
install your solar power system using a specialized company, you 
need to keep in mind that you are not only covering the labor costs 
and the price of the panels—you are also paying for expertise, 
quality, and professionalism. 


No matter how much you pay for your DIY solar panel kit, it will 
never match up to the ones that many companies use. You should 
also consider the fact that companies provide materials and 
compartments under warranty, which also covers faulty labor and 
installation. Regardless of whether you benefit from the warranty, the 
quality of the panels will most likely be enough to keep it working 
efficiently for a few decades. Most companies hire licensed 
employees that have been working in the field for many years. This 
means that they are confident in their ability to install your system 
correctly. Referring to a professional company also means that you 
will be connected to the grid, allowing you to benefit from your utility 
company’s energy if your solar panels don’t meet all your needs. 
Some utility companies also provide customers who have solar 
panels with money-back benefits for providing additional power to 
the grid. 


Now that you have read through this chapter’s introduction and have 


gathered sufficient knowledge, you can decide between using a 
professional company or a DIY kit to install your solar panels. Based 
on the tips provided in the previous chapters, if you decide that the 
pros of doing it yourself outweigh the cons and have already 
purchased the solar panels that suit your needs, it’s time to get your 
hands dirty. Read through this chapter to find out which tools you 
need, why you need them, and the safety measures that you need to 
take, as well as protective equipment that you may need. 


Essential Tools 


Even though the technology associated with solar panels is 
improving every single day, you may be surprised to learn that the 
tools needed have more or less been the same for the past few 
decades. We know that installing your own system can be 
overwhelming, which is why we are here to tell you all about the 
essential tools that you will need to help you kickstart your project. 


Digital Multimeter 
As you know, solar panels use photovoltaic systems that contain 


semiconductors to transform light energy into electricity. Choosing 
the right multimeter is needed so you can ensure that each cell 
generates high-quality electricity. You should have a digital 
multimeter if you want to assess the capacity of an ammeter, a 
voltmeter, and an ohmmeter. In addition to that, this equipment can 
be of great help in terms of solar panel repair and maintenance. 


Flat Pry Bar 


Although it is not a very widespread tool, even for those who want to 
get their solar panels installed, a flat pry bar can prove to be very 
helpful in the process. If your roof has shingles, you will need it so 
you can slip the flashing under the shingles. There are only two ways 
to install your mounts; right under your shingles or straight onto your 


roof. A flat pry bar will help you lift the shingle exactly where you plan 
on getting your mounts installed. Then, you can easily slip your 
flashing through, screw your mounts, and then finally add the rails. 


Hack Saw 


When you are installing your panels, always keep in mind that the 
final result will involve the panels resting on your roof, which is why 
you will exactly have to cut the rails before your start or upon 
completing the process. Hacksaws are generally inexpensive and 
can be used easily. If you’re an avid DIY-er, you can benefit from this 


tool in other projects too. 


Caulk Gun 


As we mentioned above, your mounts and rails have to be fixed onto 
your roof, and this requires you to remove the shingles and drill 
several holes into your roof. You will then have to fill up the holes 
with roofing caulk to later screw the mounts into place. A caulk gun is 
vital if you want an accurate and safe application of roof sealant. You 
need the roof sealant because it will help you avoid potential leakage 
and ceiling damage. 


Battery Operated Drill 


Battery Operated Drills are simple tools. It may come across as a 
surprise that even expert providers use the old, corded drills. Getting 
a battery-operated one will provide you with more convenience since 
they are efficient and portable. Most importantly, they are strong 
enough to take on your drilling activities on the roof. Because it 
makes the entire job easier and smoother, it can significantly reduce 
your risk of falling off the roof as you work. 


Screwdrivers 


You may have already guessed that the most necessary tools when 
it comes to solar panel installation or any other home improvement 
or DIY project are screwdrivers. Screwdrivers are necessary and 
can't be left out during the process. This is simply because they are 
needed to hold your solar panels in place. Start off by screwing the 
large ones first to ensure a safe installation. They may also prove to 
be helpful when you start wiring. 


Tape Measure 


If this is your first time installing a solar power system, you will most 
certainly face an issue with leveling. It can be hard to determine if 
your solar panels are, in fact, level on your roof. A tape measure is 
an important tool if you want to pinpoint the number of panels that 
your roof can take. Instead of having to go over the process multiple 
times, you will need a tape measure to mark the locations of each 
panel on your roof. If you want to make sure that they are level after 
installation, a string line can be a smart way to do this. 


Conduit Bender 


A conduit bender is not an optional tool. You will need it as you 
install your solar panels. If you were wondering, the most 
widespread type of conduit used for electric wiring protection is the 


EMT conduit. When you are shopping for conduit benders, you need 
to make sure that you purchase the right ones to do the project. 
They are especially advantageous as you will end up in odd 
positions as you go about the installation process. To tighten your 
conduit joints, you will have to use a few channel locks. 


Wire Cutter or Stripper 


Many people are led to believe that the hardest part of this DIY 
project is the installation procedure, and they forget all about the 
wiring and its respective complexities. After you get the panels fixed, 
you may either contact an electrician or resume your DIY efforts. 
Completing your own wiring requires you to get the right wire cutters 
and strippers. This way, you will ensure that you get this hassle over 
within no time. 


Solar Panel Hanger 


While other tools are rather old, solar panel hangers are considered 
a more novel addition to the toolset. As a matter of fact, they are 
among the newest innovations in the solar panel industry. This tool 
offers a very direct and perfect solution if you struggle with the 
proper positioning of the panels over the rail. Even though they 
haven’t been on the market for too long, they are now crucial tools 
for any individual who opts to install solar panels. The special thing 


about solar panel hangers is that they can help ensure the safe 
placement of the panels on the rails. This tool alone reduces the 
need for a 50-pound moving cell, as well as the potential risk of your 
roof collapsing in on your home. 


Safety Measures 


As we discussed above, solar panel installation and wiring can come 
with great risks that experienced employees face every day. If you 
are not a professional and don’t have enough experience and 
adequate know-how, your risks can increase. From life-threatening 
falls to extremely hot solar panels, many threats can come your way 
during the process. Unlike specialized workers, you don’t get safety 
training and protection, which is why we are here to tell you about 
the safety risks that you may face and how you can prevent them. 


Rooftop and Protection 


Specialized workers know that each worksite differs from the other, 
which is why they make it a point to visit the site before they start 
working so they can identify possible safety hazards. After doing so, 
they come up with strategic plans to help them approach the 
situation. This means that you can’t get solid advice on rooftop risks 
and hazards. The best you can do is ensure that your equipment is 
in good working conditions; you can have them inspected and 
authenticated by the manufacturer or a nearby repair shop. Make 
sure to pay extra attention to the equipment you'll need to safely 
handle and lift your solar panels and the size and type of scaffolding 
and ladder. You should take some type of fall protection measure, 
such as placing soft mats all around. The protective gear that 
workers typically wear consists of safety glasses, sturdy boots, and 
gloves. 


Handling and Lifting Solar Panels 


Solar panels are generally very heavy. Carefully lifting and placing 
them can be a struggle. When we discuss lifting and handling your 
solar panels, we are not only referring to the technical installation 


process. Don’t forget that you'll probably have to unload them from 
the truck, or at the very least, carry them up to your roof. This may 
cause you to strain your back or pull a muscle. You should also keep 
in mind that as soon as they’re exposed to the sun, solar panels can 
get extremely hot. If you don’t take precautions, you will get burned. 
If you can, try to have at least two other people carry the solar 
panels with you. Carrying them on your own will be exceptionally 
hard and dangerous. You can also use a forklift to move the solar 
panels around and thoroughly inspect hoists, ladder-based winches, 
or cranes, as you should never carry them up a ladder. As soon as 
you unpack your solar panels, cover them with opaque sheets, as 
this will help you prevent them from getting overly heated. Never 
take off your gloves when you’re handling the solar panels. 


Wiring and Electricity 


Photovoltaic systems are full of electricity-conducting parts, such as 
the inverter and the PV solar array. The inverter is the component 
that transforms the panel’s direct current to a different one. When 
any of these parts are active along with the electricity that the sun’s 
energy creates, many injuries such as arc flashes and electric 
shocks can occur. You shouldn’t underestimate the risks even when 
the lights are low, as they can still produce enough power or voltage 
to trigger a serious injury. Any PV system has two sources that 
generate electricity: the solar array, which absorbs sunlight, and the 
utility company. This is why the PV system will resume power 
generation even when your main breaker is off. While this is typically 
advantageous in terms of efficiency, it makes it several times more 
difficult to isolate power sources. 


As we mentioned before, you need to cover your solar panels with 
Opaque sheets and approach the solar PV array’s wiring just as 
carefully as you would handle the utility power line. Conduct a circuit 
or meter test to make sure that your circuits are all off before you 
begin working. Keep the power locked out on your systems, and 
avoid disconnecting PV wiring, such as PV module connectors, at all 


costs when they’re under load. 
Slips and Falls 


Falling, tripping, and slipping are all potential risks that anyone 
working on a solar panel installation project may face, regardless of 
whether they are a professional or a beginner. These accidents can 
happen anywhere as you work, specifically when you are on a 
rooftop or working with a ladder. As you install more ladders, the 
area that you have to work in gets smaller and smaller, leaving you a 
tighter space to work with. This increases your risk of falling. To 
avoid any of these incidents, try to ensure that the area is fully dry 
and free of any obstructions or obstacles. If the area in which you're 
working is over six feet, make sure that there are guardrails installed 
around your skylights, ledges, and sunroofs. You should use safety 
nets and wear a body harness that’s anchored to the roof. Make sure 
that any holes in your roof, such as skylights, are covered, as well as 
pits and holes on the ground beneath you. 


It will come as no surprise if you want to install your solar panels on 
your own that this can be a time and cost-saving process. However, 
you should always remember that it’s nowhere near an easy task to 
complete. Installing your own solar panels means that you'll have to 
work with potential safety hazards. You should also ensure that you 
have the needed tools, understand how and when to use them, and 
know why they’re important. Keep in mind that taking on this DIY 
project requires much dedication and hard work. However, if 
challenging home renovation projects are your thing, this is sure to 
be the project of a lifetime. 


Chapter 5 
Duration of Solar Grid Power 


What are the requirements for generating solar grid power? How 
long does a solar energy system last? What is the average lifespan 
of a photovoltaic (PV) system? 


Solar grid power is generated by sunlight and has the benefits of not 
having any fuel costs. Solar types are categorized into three groups: 
PV, thermal, and hydro. Photovoltaic systems generate electricity 
using photovoltaic cells to convert light into an electric current. PV 
systems have many benefits, such as low cost to operate, but they 
require large amounts of sunlight. PV systems are estimated to have 
a life expectancy of 25 years. Thermal (or TES) systems use a heat 
engine instead of PV cells to generate power. Thermal systems can 
be used with photovoltaic cells, but they operate much more 
efficiently when they are in thermal equilibrium between the heat 
sources and the heat sink. Thermal systems also have important 
advantages over PV and hydro systems, including fuel availability 
and lower costs of operation, but have fewer benefits than 
photovoltaic (PV) systems. Hydrothermal power plants use water as 
the source of energy for their electricity generation instead of fossil 
fuels or nuclear energy. Steel-reinforced concrete turbines can be 
used to generate either electricity or mechanical power from water 
flow. Hydropower is the most common renewable energy source in 
the world and can be found in many countries. Hydroelectric plants 
require large amounts of water, which varies according to their 
particular geography. The average lifespan for hydro systems is 
about 80 years, and their generation capacity also varies according 
to the area. For example, a coal-fired thermal power plant that has a 
30-year lifespan will use more water than a hydro plant of similar 


capacity with a 40-year lifespan 
Maintenance 


When properly installed and well maintained, an off-grid solar system 
can provide renewable solar energy for as much as 25 years or 
more. However, getting the best from your PV solar system would 
require proper maintenance and occasional tune-ups. 


Maintenance is a particularly important requirement for off-grid solar 
systems compared to grid-tied systems. Unlike grid-tied solar 
systems, homes with off-grid systems are fully dependent on them. 
This means a failure in the system will lead to complete power loss 
with no backup. 


Effective maintenance not only prolongs the life of your solar 
installation but also ensures peak productivity. A system operating at 
a poor or fair grade can be upgraded to optimal efficiency through 
proper maintenance practices. 


Some of the key maintenance considerations that will make a world 
of difference to your installation include: 


Install Equipment with Low Failure Rates and with the Best Warranty 
Service 


In choosing the different components of your off-grid unit, such as 
the inverter or batteries, you should do your due diligence with 
research and use high-quality components with a track record of 
high performance. This will reduce the chances of failure. Products 
that are covered by a warranty are also recommended. In this case, 
you can easily rely on the warranty cover to fix or replace the product 
if there is a need for it. This will help save on maintenance costs in 
the long run. 


Use Standardized Products and Avoid Mismatch of Electrical 
Components 


In planning electrical installations, you have to ensure that the 
various Components are the right specifications. Poorly matched 


equipment will have higher failure rates and will require more 
frequent repairs. It is also crucial that you build the Photovoltaic 
system and the associated battery storage system to relevant 
standards such as the IEEE recommended practices for the 
installation and maintenance of lead-acid for Photovoltaic 
installations 


Installing Support and Monitoring System 


In addition to your main installations, you could also install the 
additional component for support and monitor the system to ensure 
continuous compliance with requirements and easily detect issues 
with the system. 


Third-Party Inspection 


While this may not be necessary for small-scale installations for RVs, 
boats, and other smaller properties, larger-scale projects need to be 
inspected before they are accepted. If you have installed your 
system by yourself, you can consider having a professional look at 
the system to see that everything checks out before you begin using 
it. This will also make it possible to spot possible operation problems 
right from the onset before it becomes too difficult to manage. 


Preventive Maintenance 


This aspect of system maintenance includes operations aimed at 
ensuring that the system functions properly. How much of this type of 
maintenance you need will depend on a wide range of factors, 
including the type of equipment, environmental conditions, warranty 
cover, and so on. Preventive maintenance needs to be scheduled at 
intervals based on the recommendation of the manufacturer of the 
different components of the system. This is necessary to keep the 
system at optimal productivity ad also prevent irreparable damage. 


Corrective Maintenance 


Corrective maintenance involves the repair or replacement of failed 
components of the system. Examples of corrective maintenance 


include re-topping the batteries, resetting inverters, or fixing issues 
with the wiring. Unlike other forms of maintenance, corrective 
maintenance is typically more urgent as faults in the system can 
affect the system’s productivity or even lead to more issues. 
However, some less-urgent corrective maintenance projects can be 
carried out alongside preventive maintenance tasks on a schedule. 


Condition-Based Maintenance 


This is a more sophisticated form of maintenance practice that 
involves using real-time information to schedule preventive and 
corrective maintenance. Condition-based maintenance will require 
the installation of data loggers that automatically measure system 
performance and anticipate failures before they occur. Condition- 
based maintenance will lower the frequency of preventive measures 
and also reduce the cost and impact of corrective measures. 


Off-Grid Solar Power Battery Maintenance 


One of the major components of your off-grid solar power system 
that needs to be maintained frequently and kept in perfect conditions 
at all times is the battery system. This is one aspect that makes off- 
grid solar energy systems more care-intensive than grid-tied solar 
power systems. The batteries are a sort of backup for systems 
connected to the grid and may not be a major part of the system. But 
for an off-grid system, the battery is pivotal to the system’s operation 
and will require regular maintenance. 


Taking care of your batteries is important to prolong their life. If the 
batteries are not properly taken care of, they can go bad in justa 
matter of a week and become completely damaged. This can leave 
you in the dark with no backup to fall back to. Battery care is also a 
vital safety consideration. While in operation, batteries give off 
potentially hazardous gas, and there is a risk of explosion if treated 
incorrectly. 


Fortunately, maintaining your battery system is not all that difficult. In 
fact, with some basic knowledge of how batteries work and simple 


maintenance tips, an average homeowner should be able to carry 
out basic maintenance for their battery system. Of course, the 
specific battery care techniques may depend on the type of battery. 
The maintenance requirement for flooded batteries, for instance, will 
be different from that of valve-regulated batteries like AGM or gel 
batteries. 


The idea behind regularly maintaining your batteries is to ensure 
they provide the most efficient performance and lifecycle. Battery life 
is variable and depends on storage temperatures and discharge 
depth, among other things. 


Most of the failures in batteries used in PV systems are due to 
sulfation. This refers to the formation of crystals of sulfur on the lead 
plates of the battery, which prevents chemical reactions in the 
battery from progressing as they should. Sulfation occurs mainly due 
to low electrolyte levels (or low charge). Thus, you must monitor the 
voltage and specific gravity of your battery to determine the charge 
level. However, it is important to note that this is only necessary for 
flooded batteries. There is no need to check the fluid level of AGM 
and gel batteries. 


Checking the Charge Level of Your Battery 


This is one of the most important maintenance practices for flooded 
battery units in solar energy systems. Determining the discharge 
depth or state of charge requires the voltage and specific gravity of 
the battery are measured. You can then use this to work out the 
discharge depth in percentage. If these factors are not monitored 
regularly, your battery may undergo sulfation, leading to 
overcharging and consequent damage. 


To measure the specific gravity of the electrolyte in your battery, you 
will need a hydrometer. While there are different types, the most 
recommended type is a glass hydrometer which typically has a 
rubber head to draw the electrolyte fluid. You may also use digital 
hydrometers, but they are more expensive and will need to be 


calibrated for accuracy. 


How to Use a Hydrometer 


The specific gravity of your battery electrolyte should be checked at 
least twice a year. However, you can also check every three months 
for the best results. Follow this procedure to check SG using a glass 
hydrometer: 


Step 1: Put on safety gear like glasses, a long-sleeved shirt, 
covered shoes, and rubber gloves 


Step 2: Disconnect the battery bank from the main battery 
breaker and charge controller 


Step 3: Clean the top of the battery to get rid of any form of 
dust, dirt, or debris 


Step 4: Remove the cap of the battery top and insert the tail of 
the hydrometer into the electrolyte liquid (be careful not to 
push down on the interior plates. 


Step 5: Draw fluid into the hydrometer by pressing the rubber 
head. The liquid should be filled up to the measuring line. 
Gently tap the hydrometer to expel any bubbles that may be 
trapped in it. 


Step 6: Hold the hydrometer in a level position, record the 
reading, and then discharge the liquid back into the battery. 
You should repeat these steps about 2 or 3 more times for 
each battery for accuracy. 


Charging Batteries 


Another aspect of battery care that you should be aware of is 
charging your batteries. 


Typically, a solar battery goes through three charging phases: 


Float Charging: Also called trickle charging. The idea is to 


ensure the battery is charged at the same rate it is 
discharging, ensuring the battery is always fully charged. 


e Bulk Charging: Once a battery has fully discharged, it is then 
recharged, and the voltage is at the maximum allowable level. 


e Absorption Charging: This usually follows bulk charging. The 
voltage is kept at the maximum allowable level while the 
current is steadily decreased to a point where the battery is 
charged up fully. 


Once an adjustable-charge controller is installed, you must ensure 
you set the voltage for all three types of charging. Ensure that the 
voltage meets the battery manufacturer’s recommendations. The 
available time for charging isn’t sufficient for the bulk and absorption 
rates for solar electrical systems, so you should set both of these 
phases for the same voltage. 


Cleaning Batteries 


The terminals of your batteries should also be cleaned regularly. To 
do this, remove the clamps (starting with the negative terminals). 
Use a mixture of distilled water and baking soda to clean to wash the 
battery. You should use a battery terminal cleaning brush for this, 
then rinse the terminal with water. 


Washing the battery this way ensures proper connection at the 
terminals. After rinsing the terminals, reconnect the components 
ensuring all the connections are tight. You can also use commercial 
sealant or high-temperature grease to coat the metallic components 
of the battery 


Replacing Batteries 


When one or some of the batteries in your battery banks are old or 
damaged, replacing the old batteries with a new one may sound like 
the right thing to do. However, you should be careful when you do 
this. The performance of the entire battery system can be affected 
when old batteries are mixed with new ones. 


When you mix new batteries with old ones, the new batteries will 
become degraded to the quality of the old ones within a very short 
time. Therefore, combining new and old batteries is typically a waste 
of money. A better approach is to maintain all your batteries properly. 
This way, none of them gets damaged before the others. 


Battery Safety Tips 


As mentioned, another reason for taking proper care of your 
batteries, asides from the need to prolong their productive life, is for 
their safety. Lead-acid batteries usually produce hydrogen gas as it 
operates. This gas is flammable and can produce an explosion. To 
prevent a build-up of hydrogen gas in your battery bank, proper 
venting is necessary. This has been covered earlier in this book. 
Installing venting pipes connected to the battery box will prevent a 
dangerous build-up of gas. It is also possible to install fans that aid 
the circulation of gas in the system. 


You should also ensure that you follow proper safety precautions 
anytime you need to go near your battery bank. This includes 
wearing gloves, protective glasses, and other safety gear. You 
should also remove metal items from your body and have baking 
soda and water available in case of acid leaks. Following necessary 
safety precautions will prevent electrocution or acid burns. 


Specific Maintenance Requirements for Different Battery Types (FLA 
and VRLA Batteries) 


So far, we have covered general maintenance tips for all battery 
types. However, not all batteries have the same maintenance 
requirements. It depends on whether they are AGM, gel, or flooded 
batteries, as we discuss below. 


Maintaining FLA batteries (Flooded) 


One primary difference between flooded unsealed lead-acid (FLA) 
and valve-regulated lead-acid batteries (VRLA) is that FLA batteries 
require regular refilling. Hence, they are more high maintenance 
compared to VRLA batteries. The following are some specific 


guidelines for taking care of this type of battery. 


e Charging: Flooded batteries are known for having high 
charging voltage tolerance compared to the other battery 
types. Thus, they need to be paired with the right charge 
controller with a proper charging program selected to keep 
them properly charged. 


e Refilling: Flooded lead-acid batteries need to be refilled 
regularly. When refilling, be careful not to touch the electrolyte 
directly. The electrolyte is usually a concentrated acid 
electrolyte that can cause serious burns when touched. Only 
distilled water should be used for refilling batteries. Seawater 
or any other kind of water should not be used. This is because 
using seawater leads to a chemical reaction that produces 
toxic chlorine gas 


e Storage and operation: FLA batteries should only be stored 
and used in an upright position. They are not designed to be 
stored on their side. It is also important that they are used in 
well-ventilated rooms. If ventilation is a problem, then you 
should opt for other battery types. 


VRLA Batteries 


The two types of valve-regulated lead-acid batteries are Gel and 
AGM batteries. They are characterized by having a limited amount of 
electrolytes compared to a flooded unit. The implication is that 
maintenance requirements for these types of batteries are different 
from that of FLA units. Once installed, VRLA batteries don’t need as 
much maintenance as FLA cells. This is because you do not have to 
refill them. You also cannot determine the state of their charge with a 
hydrometer. However, they still need to be properly handled and 
maintained, keeping in mind the following peculiarities: 


e Charging: The most common cause of failure for gel and AGM 
batteries is charging voltage sensitivity. Unlike flooded 


batteries with a wide voltage tolerance, AGM and gel batteries 
have a very precise charging voltage. This must be accurately 
maintained if you want the battery to last. An excessively high 
voltage will heat the battery abnormally, leading to a release of 
hydrogen gas. This permanently damages the battery since 
hydrogen gas leaks are irreversible in VRLA cells. Although 
AGM batteries tend to have a higher tolerance level compared 
to gel batteries, they are still quite voltage-sensitive. Your 
VRLA battery system must be paired with a quality charge 
controller designed specifically for this type of battery. 


e Refilling: As earlier mentioned, VRLA batteries don’t need to 
be refilled. They are sealed and cannot be refilled with water. 
It is also not possible to measure their specific gravity with a 
hydrometer. These maintenance practices are not necessary 
for this type of battery which is one of the main advantages. 


e Storage and usage: VRLA batteries can be used or stored in 
any orientation. They have limited electrolytes, so there is no 
risk of leaking. This makes them more flexible than FLA 
batteries. Another factor contributing to the versatility of VRLA 
batteries is that they do not need as much ventilation as 
flooded batteries do. VRLA batteries rarely discharge gas 
unless they are overcharged. Thus, they are the safer choice 
when you need to install battery systems in poorly ventilated 
areas. Of course, venting the battery bank should still be 
factored into the design, just in case, no matter the type of 
battery you are using. 


Cleaning and Maintenance Tips for Solar Panels 


Your PV solar panels don’t need as much maintenance as the rest of 
the system to function properly. The major type of care they need is 
periodic cleaning to ensure that the surface of the panel is not 
covered with dirt, leaves, and debris that obstruct solar rays. Solar 
panels may also need extensive maintenance during winter in areas 


that experience heavy snowfall. They also need to be checked for 
damages and monitored to ensure continuous output. 


If your solar panels are installed in a tilted position, you are in luck 
because most debris and dirt will be washed away by rainfall. In 
such cases, the only time they may require regular cleaning is during 
the dry seasons when there are extended periods with no rain. If this 
is the case, if the panel is not tilted, then you need to clean the 
surface manually. 


Generally, you should clean the surface of your solar panel at least 2 
to 4 times a year. Fortunately, cleaning solar panels isn’t rigorous 
work, and you don’t need to hire someone to do it for you if you are 
handy, and your solar panel is easily accessible. You also don’t need 
sophisticated equipment for the job. A leaf blower or garden hose will 
get the job done as far as cleaning your solar panel and keeping its 
good condition is concerned. 


During winter, the panels need to be cleaned immediately after a 
heavy snowfall. This snow will obstruct already limited sunlight, and 
the weight may also damage the panel. You can use water to wash 
the snow away. However, only regular or lukewarm water should be 
used. Avoid using extremely hot water on the panels. They are made 
of tempered glass, and the extreme temperature difference between 
the cold snow and hot water will crack the panels. You may also use 
a squeegee that has a long handle to push off the snow gently. 


Tips for Cleaning Solar Panels 


Do not use regular soap or an abrasive sponge (or brush) to clean 
solar panels. This will scratch the glass and damage the panel. 
Biodegradable soap and a soft rag or sponge are more 
recommended for this chore. 


You may also buy a specialized solar panel cleaning kit. This usually 
contains a biodegradable soap, special wipe, and brush designed 
specifically for cleaning solar panels. The soap should be mixed with 
water in a bucket and used to clean the panel based on the 


manufacturer’s instructions. You can also use ordinary water to wash 
off dirt and grime buildup on the surface of the panel. Solar panels 
are generally easier to clean when they are wet or moist. This way, 
any dirt or residue stuck on the surface of the panel can be easily 
wiped off. 


If you clean your panels regularly this way, you should be able to 
remove loose dirt easily by simply running water from a hose over 
the panel. Regular cleaning will reduce the need for solar panel 
repairs and maintenance. 


Solar panel cleaning can get a bit more complicated if the panel is 
roof-mounted. In this case, you can use a wiper with a very long 
handle if you do not want to get on the roof. However, if you decide 
to get up there for proper cleaning, you need to be very careful, 
especially if you are using water. The roof can get very slippery when 
water is poured on it. You may also use a safety harness or ropes for 
extra support to avoid injury. 


How Often Should Solar Panels Be Cleaned? 


The answer to this question depends mainly on the type of solar 
panels you use and how much dirt gets on top of it. The cleaning 
schedule can be weekly or monthly, depending on the specific 
situation. You may ask the manufacturer for information about how 
often the panel should be cleaned. Generally, you should regularly 
inspect the panel’s surface to ensure that there is no buildup of dirt 
on it. The panels will absorb sunlight a lot better when the surface is 
dirt-free. If you do not have enough free time on your hand to clean 
the panels, you can install automated cleaners. These work like 
sprinkler systems for lawns and release water that cleans the 
surface of the panel on a schedule. You can also book an 
appointment with a solar panel cleaning company around you. 


General Solar Panel Maintenance Tips 


Since solar panels have no moving mechanical parts, they are hardly 
ever affected by rust, and neither do they break down easily. Thus, 


they don’t need any complex power maintenance. However, in 
addition to regular cleaning, solar panels need additional 
maintenance to function properly. The following are some additional 
maintenance tips for your solar panel array: 


e Shading: Solar panels should have unobstructed exposure to 
the sunlight. Shading can obstruct energy production and 
make the panel inefficient. As explained earlier in this book, 
the shading should be a major consideration while planning 
the panel installation. However, a tree can grow where they 
didn’t exist before or for new structures to be built that may 
obstruct sunlight. You should always pay attention to this and 
avoid them as much as possible. 


e Document performance: The only way to tell if your panels are 
optimally performing is to monitor production. This means you 
need to document how much energy the unit produces daily 
and possibly monitor weather conditions as well. This way, 
you will be able to tell when production is inconsistent and the 
cause is not due to weather conditions. You may also install 
an automated monitoring system for the panels. You can ask 
the manufacturer for a monitoring system that will be most 
compatible. This will make it easier to track how much energy 
the unit produces per day and how this is affected by different 
external factors. Some monitoring systems may also alert you 
when the panel is malfunctioning so it can be repaired or 
replaced immediately. 


e Visual inspection: You should keep an eye on your solar 
panels and inspect them physically once in a while. This will 
help you pick up any physical damage or issues with the 
panels and fix them if possible. You should also check to 
ensure the inverter’s green lights are flashing. If this is not the 
case, then the panel may not be functioning as it should. 


Impact of Extreme Weather on Solar Panels 


Solar panels may look like they aren’t very strong. But they are 
actually built to be durable. A quality solar installation should be able 
to withstand all types of weather conditions, including wind, snow, 
and rain. Solar panels also hold up very well against hail and may 
also be strong enough to withstand hurricanes. However, how well 
they can stand up to harsh weather conditions depends on the 
quality of installation in the first place. 


Even the strongest solar panel installation is not 100% invincible. 
Extreme weather events may still damage them. This is why getting 
a good warranty on your installation is great. This way, you can 
easily get damaged units repaired or replaced completely. A weather 
element that should really get you concerned is heat conditions. This 
is ironic since solar panels actually depend on sunlight. When 
temperatures rise to over 90 degrees, the panel will lose a lot of its 
efficiency. This is why cooling should be factored into the design. 
This includes allowing enough room for air circulation by installing 
the panel a few inches above your roof or ground. This will help keep 
energy production up by keeping the unit cool at all times. 


Repairing and Replacing Solar Panels 


Sometimes solar panels get damaged, and they need to be repaired 
or even replaced completely. When this is the case, it is 
recommended that you hire a professional for the job. You might get 
in touch with your solar company for help if it was installed by a 
professional in the first place. They will send in someone to check 
out the unit and possibly fix or replace the damaged panels. 


A separate equipment warranty usually covers physically damaged 
panels. You may also be able to finance a repair with your 
homeowner’s insurance. You can get in touch with your insurance 
company to find out if your plan covers the panel and how to file a 
claim. However, your warranty may not cover DIY installation, so 
check before you file a claim. If your warranty doesn’t cover DIY 
installation, you may wish to consider hiring a professional company 
to do the installation for you. 


Chapter 6 
Essential Elements of a Solar Grid 
Power 


An essential element of a solar grid power system is the photovoltaic 
array. This is the part of the system that converts light into current 
through a combination of photovoltaic cells and solar panels. Once 
this current is generated, it can be stored in batteries or fed back into 
the grid to balance out energy supplies and supply various other 
services like air conditioning for commercial buildings, for example. 
Certain elements such as heat sinks help to efficiently convert 
thermal energy from sunlight into electrical energy as well. Solar 
grids typically need some other forms of infrastructure, such as water 
pipes or power lines, to connect them with other systems in an area, 
but they are highly renewable and cost-effective ways to produce 
electricity in tough environments. 


Solar System Planning and Design for a Boat 


As a Sailor, you need to install photovoltaic boards on your boat to 
help you charge your gadgets such as phones, laptops, and other 
accessories. Moreover, if you may want to power your refrigerator, 
then you need a good and reliable source of energy. 


However, the conditions must be specified before the system can 
function properly. These include water temperature, voltage, speed 
of the compressor, ambient temperature, and box temperature. 


Items Required 


The functionality of solar systems depends on the various parts used 
in setting them up. To set up a steady and adaptable solar panel 
framework, you need a charge regulator, photovoltaic boards, an 


inverter, and a battery. 
Charge Regulator 


The measure of sunlight a solar panel receives determines the 
power output, which vacillates daily. Your solar boards can release a 
certain amount of power during the day. The system will not 
generate power when the solar cells don’t get enough sunlight. This 
is significant for protected and proficient battery charging. 


In the event that you charge a gadget from a PV panel, it may not 
get sufficient capacity to continue its operations. Therefore, you need 
a battery to store the energy. But it passes through a battery before 
going through a charge regulator. This is a gadget that handles the 
energy coming from the solar boards using the correct voltage and 
current to the battery. 


Photovoltaic Boards 


The foundation of a solar power framework is the photovoltaic cells. 
A solar board is made up of an assortment of separate solar cells. 
Every cell makes electrical energy using sunlight. 


Contingent upon the type of interactions between your PV cells, your 
solar panel framework can handle various blends of volt and ampere 
ratings. Therefore, your solar boards can have various distinctive 
energy output ratings. In the event that you have various solar 
boards, you can use a combiner box to consolidate their outputs. 


An Inverter 


Photovoltaic cells and batteries provide DC power meaning that the 
current moves in a direction. Notwithstanding, numerous electrical 
gadgets function with AC power, such as the power plugs in an 
apartment that provides AC power. Hence, an adaptable solar 
system has a power inverter that transforms the DC power from the 
battery or solar panels to AC power appropriate for the electrical 
installations of the boat. 


A Battery 


The battery stores energy from a charge regulator depending on its 
amp-hour assessment. Amp-hours signifies the measure of amps of 
current that a battery may perhaps yield in one hour before requiring 
a charge. 


You may not rapidly discharge your solar battery in 60 minutes, yet 
gradually throughout various hours. Numerous amp-hour ratings 
accept a 20-hour release time. Therefore, a 160-amp-hour battery 
may be used to yield eight amps of current for 20 hours. 


Setting up the System 


Due to the nature of sailboats, you need to carefully decide where to 
set up your PV boards on the boat. This will enable you to know the 
type and size of panels to purchase because you may not have a 
large space for many boards. 


Here are how to set up panels: 


e Setting up the panels is usually on a gantry aft or an arch. But 
if your boat doesn’t have any, you can install one on the boat. 
You may need an adjuster for positioning the solar boards 
towards the sun for greater performance. 


e A gantry is also designed to prevent boom shading and 
remove loss of output. Therefore, it will ensure the PV panels 
are kept at the back of the boom. You can set up your panels 
on the deck using strong support or mastic glue. Another way 
is installing a semi-flexible panel where the surface of the 
deck is curved. 


e Do not mount rigid, glass-coated boards on surfaces where 
people always walk on. Apply the mastic in large dabs with 
enough gaps between them. This is done with strips of a 
wooden spacer. 


e Solar panels could be installed on lifelines along the side of 
the cockpit. This could be done if you don’t want to position 
them on a bimini. Simply change the wire lifelines on top with 


stainless tubes. You can also do it any other way you know. 


e Photovoltaic boards could be set up on a cockpit dodger. In 
this case, you need semi-flexible and flexible panels. 


Consider the Voltage Output during Setup 


Due to discrepancies in the output power of solar panels and the 
limited space for mounting solar boards on a boat, you need to know 
the power output before installation. 


The peak output of PV boards, if mounted horizontally, is 60%. Then, 
you may get up to 80% of voltage output if you mount them angled 
towards sunlight and adjust them frequently. 


But due to changes in the movement of tides and wind, a yacht, 
when anchored, can sway through an arc of 180 degrees. Avoid any 
type of shading that could happen by fitting your solar boards under 
the boom to prevent poor performance. 


If you use a high-grade solar board, every cell will be separated from 
each other using different diodes. Then, if a cell is covered, others 
won't be affected. Also, avoid overheating solar panels. This could 
happen when the board gets too hot, especially if you place itona 
surface with no space for airflow. This condition could lead to 
overheating. 


Wiring the Boat for Solar System 


Due to the impact of shading, you should decide whether or not to 
wire the PV boards in series or parallel. The solution is that if there is 
continuous shading of at least one of the boards, mount them in 
parallel. The justification here is that whenever the panels are wired 
in series, the shading of a board will reduce the output of all the 
other panels in the unit. 


Wiring in Series 


Due to the introduction of MPPT controllers or Maximum power point 
tracking controllers, it exists an advantage of wiring at least two 


similar boards in series. This will cause the controller to have a 
higher voltage. Therefore, wiring a set of PV boards in series 
increases the voltage, but the current is still the same. 


Wiring in Parallel 


You will get a different result if you wire in parallel. Thus, series 
wiring may be awesome if your wire runs are extremely long since 
this will cause a voltage drop. You can also place the boards on 
each side of the boat. For example, one series of PV boards to port 
and the other to starboard. 


Installing the Batteries 


Installing solar batteries on a boat is done carefully to balance it. 
This will ensure full operations. You can maintain the balancing 
slowly using a shore charger or solar power system. The battery is 
not expected to get to 100% charge. It is designed to cut off power 
when it gets to 80 or 90%. 


The Size of Cables and Connectors 


Wrong sizes of wires and connectors have led to an insufficient 
voltage output. The resistance of a wire conductor increases in direct 
proportion to its area. During the combination of panels using parallel 
wiring or series wiring, you should evaluate the feed cable. This will 
suit the maximum voltage available at the solar output. 


For example, if you have four 150W boards combined in parallel, the 
wire from the intersection to the regulator should be at least 8AWG 
to transmit enough current that can carry the load safely and limit 
voltage drop. Similarly, the cable from the regulator to the batteries 
ought to be estimated to suit the output voltage of the controller. 


Solar System Planning and Design for Camper Van 


As the popularity of solar panels increases, the number of uses for 
solar panels also sees an uptake. It was clear that solar panels can 
conform to any shape, or their sturdier counterparts can act as more 
efficient versions. 


Since motor homes are designed for living, it is easier to transition to 
a life with solar power. Also, with solar power, you have the freedom 
to park wherever you want to without the risk of not having power. 
When you want to park in the wilderness, you do not need plugins to 
generate your power. 


A mobile home, like a regular vehicle, supports solar panels. What is 
more, since solar panels are mainly used to power electronics within 
a vehicle, mobile homes provide the perfect opportunity for solar 
panels to make their mark. Since motor homes and RVs are 
stationary more often than not, they can soak up the rays from the 
sun and transform them into usable energy. Many motor homes can 
also transform into different shapes once parked to allow awnings or 
even extensions. Why, then, couldn't you use solar panels to their 
maximum efficiency, as well, on a motor home? 
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Primary Considerations 


Motor homes have a greater ability to adopt solar panels to their 
roofs, but there are still elements of installations to consider. Among 
these include the pricing and measurements of your consumption. 
Review the following list of considerations before you start to put 
panels on your RV. 


Power Usage 


You must be fully aware of how much power you need before you 
can decide on the layout of solar panels on a motor home roof. 
Measure how much energy you use for lighting and how much is 
used for the appliances. This will help you decide how many 
batteries to buy for your setup. If you are unsure of how to measure 
your total wattage usage, most power systems have a built-in gauge 
that will tell you how many Amp-hours (Ah) you use. These gauges 
connect to your cell phone, tablet, or computer via Bluetooth, and it 
accurately gives you the Ah for a certain amount of time. Instead of 
receiving an average, you will be monitoring the gauge, so spend 
several weeks casually checking the monitor to see how much 
wattage you use. 


If you do not want to buy a power gauge, then calculate the amount 
yourself. First, check the appliance to see how many watts it uses, 
multiply it by 24 hours (for the day or multiply it by any amount of 
time it is plugged in), and divide by 12 to get the Ah. Each appliance 
has a different wattage, so if you have many appliances, this could 
take some time. Add all of the individual Ah amounts to find the total. 
This will give you an idea of which batteries and how many to use. 


Remember to think about the small things, like outlets for cell 
phones, fans, the pump, lights, refrigerators, or toasters. Every little 
bit adds to the total amount used. 


Also, keep in mind that you will need to find a place to put all of 
these batteries. If you are living in a small RV, you may find that 
there is not enough space for 16 batteries lying around. The wiring, 
inverters, and other solar power necessities also need space within 
your motor home. Make a list of the most commonly used appliances 
and determine if you will need to use all appliances at once. 


Battery Choice 


It is up to you to find the best batteries for your system. Choose a 
battery that has a quick charging time and allows for full discharge. If 


you plan to spend extended periods in your RV, use batteries that 
are known for their reliability. Lithium batteries are commonly used 
with solar panels. They may not charge as quickly as others, but 
they allow a full discharge and are known as reliable batteries for 
years at a time. Be aware of life spans and charging times when 
choosing batteries. 


Style of Solar Panel 


There are two dominant styles of solar panels on the market; 
polycrystalline and monocrystalline. Polycrystalline types are not as 
efficient as monocrystalline solar panels, but they really have little 
difference (Smith, 2019). In fact, they are manufactured in much the 
same way and have roughly the same structure. 


Monocrystalline solar panels are the most common choice for RVs 
simply because they offer more efficient use of space. RVs and 
motor homes, though spacious, often lack extra space on their tops. 
Monocrystalline solar panels make use of the small space because 
they do not need large spaces in which to fit. However, expect a 
higher price for the monocrystalline solar panels because they offer 
more efficient use of space. 


Cost of Installation 


Because there is limited spacing on a motor home, it is essential to 
find the best locations to put solar panels. If you shoot for 
polycrystalline solar panels at a lower cost, you have to find the room 
you need at the top of your RV. To make the decision easier, cut out 
strips of paper and place them on the top of the RV to estimate how 
much room you will need for each of your solar panels. 


If you want solar installation done by a professional, you may have to 
shell out anywhere between $3,000—$15,000. Though you have to 
pay a significantly higher price for solar power installation done 
professionally, the results speak for themselves. The installation may 
require drilling holes in your roof, and the wiring can become tricky. 
Use your skills and discretion to find the best option. 


Building the System 


Once you have sorted out the considerations listed above, it is time 
to build the system. For this design, | have laid out the materials for a 
basic and recommended system. Buy the systems at your discretion. 


MATERIALS FOR BASIC SOLAR RV MOUNT 


Items | Estimated Price 


| 2 HQST 100-Watt Polycrystalline Solar Panels $158.00 
HQST 20-Amp PWM Charge Controller | $15.00 
20-Amp Fuses, (One Inline MC4 Fuse) $14.00 

Wires with MC4 Connectors | $29.00 per Wire 

Wires with Ring Connectors $10.00 per Wire 
Estimated Total | $226.00 


Table 5.1: Estimated totals for the materials of a basic solar power system 


MATERIALS FOR RECOMMENDED SOLAR RV MOUNT 


| Items | Estimated Price 
4 Renogy 100-Watt Monocrystalline Solar Panels $420.00 
| Renogy 30-Amp MPPT Charge Controller | $107.00 
Renogy 30-Amp Fuses (One Inline MC4 Fuse) $16.00 
Wires with MC4 Connectors | $29.00 per Wire 
Wires with Ring Connectors $10.00 per Wire 
Zamp Outlet on RV and MC4-SAE Adapter | $25.00 
Estimated Total $607.00 


Table 5.2: Estimated totals for the materials of a recommended solar power system. 


There is a significant price difference, mostly due to the solar panels 
used and the charge controller. A monocrystalline solar panel setup 
is the more efficient of the two, so this is the design this book will 
explore. If you choose the cheaper version, you will not obtain the 
same efficiency as, on average, monocrystalline solar panels are 6% 
- 8% more efficient (Edelman and Edelman, 2018). If you are worried 
about price, however, the weather plays a far more significant role 
than the efficiency of solar panels. 


Choose either flexible or standard solar panels, but bear in mind that 
the flexible solar panels will still need some backing. Flexible solar 
panels are also less effective, but trimming them down to size is 
easier than with traditional solar panels. 


The recommended 30-amp MPPT charge controller was chosen 
because it is more efficient than its basic counterpart. Not only does 


it transfer more energy from the solar panels into batteries, but it also 
has longer wires. The longer wires allow energy to flow more 
consistently and efficiently through the apparatus. In short, you will 
not see a significant amount of energy loss with these wires. 


Most motor home solar kits use a PWM charge controller, but it does 
not produce as consistent energy as its 30-amp MPPT counterpart. 
The basic model is not as efficient as the upgraded version, but it 
works well with solar panels. You will not see a significant loss of 
power when connected to this version. 


Step 1: Apply the Solar Panels 


Unlike the mobile solar power station and vehicles, putting solar 
panels on a motor home is inherently more difficult. For that reason, 
set up a pulley system for your solar panel installation. Avoid drilling 
holes in the solar panels, which could damage them and void their 
warranty. Instead, connect them to a solid backing that you can 
mangle as much as you please. Keep in mind that solar panels are 
relatively heavy, so do not use thin plywood or flexible material to 
hoist them up. 


Once on the roof of the motor home, place the solar panels in the 
pattern you laid out earlier. You should still have the paper or 
cardboard cutouts of the solar panels, so applying them to the top is 
easier to arrange. Mount the solar panels on the hinges applied to 
the top of your RV. Make sure that they are securely fastened to the 
top. 


Take a moment to find the most aerodynamic ways to apply solar 
panels. RVs already have low gas mileage, so do not slow them 
down with sail-like placements of the panels. Double-check the 
hinges and ensure that there will be no movement when moving or 
for sudden stops. If you get into an accident, you do not want any 
solar panels flying off your roof. 


Create a locking mechanism that will hold the solar panels in place 
but will allow them to also move occasionally to get the most sun. To 


do this, connect a metal bar to the solar panel on the opposite side 
of the hinges. Secure one side firmly to the top of the motor home by 
drilling a swivel to the roof. Use a clamp on the other end for a lock 
to hold the bar when the vehicle is in motion. The bar should cover 
the side of the solar panel that is not hinged to the roof. 
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Step 2: Charge Controller Placement 


You will need to monitor the gauge periodically to make sure that 
everything is running smoothly. The charge controller has a digital 
screen that indicates at what level energy is received. Calculate the 
energy used and created from the solar panels to discover if you 
need to add more panels to your collection. 


Step 3: Wiring 


With the charge controller in a safe space that is easily accessible, 
attach the 30-foot wire with the MC4 connectors to it and then thread 
the wiring through to the solar panels. If you are unsure how to 
safely drill a hole in the top of your motor home, consult a 
professional before taking any further steps. Seal the connections 
with waterproofing. Consider using PVC piping and glue to make the 
connections and preserve your wiring. 


Connect the Zamp outlet to your charge controller to convert solar 
energy into usable electricity. Next, run the two wires to a battery that 
you will use to store the generated electricity. Make sure that all 
wires are protected by adding plastic grommets in the holes. 
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Step 4: Test the Connection 


Since you are doing all the wiring yourself, make sure that everything 
is in order by exposing the solar panels to sunlight and monitoring 
the charge controller. Test the batteries before you head out on the 
road to make sure that you are getting as much power as possible. If 
you need more power, add more solar panels or double-check your 
wiring. 

Step 5: Get in the Sun 


Since a motor home is frequently stationary on the trail, you may find 
it useful to create stands to which your solar panels can attach. 
Open the bar latch and rest the solar panel on its top when staying in 
one place. However, make sure that it is securely fastened again 
when you plan to move again. 


Solar System Planning and Design for a Shipping 
Container Home, Tiny House, or Any Off-Grid Home 


In their effort to minimize their dependence on materialistic 
possessions and free themselves from relying on the state for power, 
many homeowners will choose to live off-grid in remote homes 
located on the outskirts of the city. These smaller remote homes may 
be tiny versions of normal houses or cabins. Despite their size, these 
remote homes still require electricity for lighting, heating, bathing, 
and cooking. 


Key Questions to Ask Before Building 


When designing an off-grid solar power system for your tiny house or 
cabin, there are some important questions that you need to answer 
before making any major decisions. These answers will help you 
curate your system depending on the specific electrical requirements 
for your home. 


How Much Electricity Do You Intend to Generating? 


Typically, tiny homes will use much less electricity than the amount 
used in larger homes. Nonetheless, each tiny home’s load will be 
different due to how each household decides to live, the appliances 
that are used, and the number of people living within the home. To 
save a lot of money, you will want to generate as much electricity as 
possible. This means that it is good to have as many solar panels as 
you can afford. 


Are You Installing a Roof-Mounted System or a Ground-Mounted 
System? 


Decide where the system will be positioned before anything else. If 
you intend to mount the solar panels on the roof, it is important to 
check whether the roof receives an ample amount of sunlight. Also, if 
the roof is strong enough to hold and handle the weight of the solar 
panels without compromising its integrity, alternatively, you can 
choose to mount your solar panels on the ground. These ground- 
mounted systems will require extra racks as well as extra mounting 
equipment. Lastly, make sure your panels are slightly tilted to 
capture maximum sunlight. 


How Many Batteries Will You Need? 


Since you are using an off-grid solar power system, you will need to 
purchase a certain number of batteries to store excess solar power. 
The cells will form an indispensable part of the system because they 
will allow plenty of electricity during the night or when the weather 
conditions are not favorable for powering solar panels. If you are 
going to purchase batteries, consider storing them indoors as they 
are sensitive to extreme weather fluctuations and can wear and 
degrade fairly easily when having to adjust between freezing and hot 
temperature regularly. Many suppliers will sell complete solar kits 
that include batteries that you can install in your home (this will 
remove the hassle of having to decide on the number of cells you 
have to buy). 


Battery Capacity (Lithium Technology) 


However, the values of efficiency and depth of discharge will be 
different as you can draw more from this type of battery, and it has a 
higher efficiency compared to lead-acid technology. Let us have a 
DoD of 90% and an efficiency of 90%. Remember that these are 
only hypothetical values and are a bit conservative considering the 
developments in energy storage, especially on lithium-ion. 

Energy Demand x DoA 


BROTAR La 
oa system voltage x DoD x efficiency of storage 


3565 x 2 
Batte ity = = 183 AH 
attery capacity 48 x 0.9 x 0.9 


Besides, you find that the lithium battery will serve you for a longer 
period compared to lead acid. Again, kindly consult the appropriate 
datasheets to see the number of cycles you can achieve when 
regularly discharging the battery to a particular depth. 


DC Cable Sizing 


To determine the needed cable size, one needs to determine the 
location of each component and the amount of current flowing 
through each segment. 


For the inverter, consider the maximum output, which in our case, is 
a 4-kW inverter. To size the cable, we will need to consider the 
maximum current that can flow from the battery to the inverter. This 
can be estimated by dividing the inverter power output by the system 
voltage. For the tiny house, the expected maximum current is 
(4000W/48V), which is approximately 84 Amps. 


For this exercise, | will assume cable route lengths for the tiny house 
as indicated in the diagram below. 


2x LxIxop 
nm: 
Voltage drop 


The formula used to determine the appropriate cable size is as 
shown below; 


The required cable lengths, using the estimated route length and the 
recommended voltage drop for a 48-volt system. 


2.4 mm? making 4mm? cable 
appropriate 


4.6 m? making 6m? cable 
appropriate 


1.2 m? making 4m? cable 
appropriate 


Determine the average daily energy demand for the 
household, tiny house, boat, RV, or the specific off-grid target 


Determine the most critical month with regards to solar 
insolation. 


Size the Inverter to meet the loads and possible future 
expansion 


Size PV Array to supply the needed energy using the critical 
month 


Size Battery to meet the energy demand for the desired days 
of autonomy 


Size the charge controller taking into consideration the size of 
the PV generator and arrangement of the panels. 


Size the cables on the DC side and all the needed disconnects 


Hi 


Summary PV System Sizing 
It is essential to note that the demanded energy should be 


conducted for each month, especially when there is a significant 
variation in energy demand across seasons or different months. 


Chapter 7 
Calculating Your Energy Needs 


How to Calculate Loads 


When using off-grid solar power as the major source of energy, you 
should know your needs. Different factors influence the level of solar 
power you can get in your area. This chapter discusses the 
measures you can take to calculate your needs and improve 
efficiency and the steps you can take to reduce electrical needs. 


How Do You Calculate Your Energy Needs 


Before you install solar power in your home, the first thing you 
should do is assess your energy needs. In short, you should add the 
total power consumption of different appliances you intend to use 
and other loads you may need. You should clearly define the loads 
you want to run concurrently to get an idea of the total energy output 
you may need. 


Remember that a domestic solar system may not power appliances 
with high voltage like stoves, heaters, irons, and others. Different 
factors can affect the total system capacity you can get per day, like 
location, weather elements, load, as well as the quality of the 
system. The total amount of sunlight you get per day depends on the 
season or time of year. The table below shows some of the things 
you may use with solar power. 


AC DEVICE WATTS |HOURS(DAYS) 


Kitchen light e sas) 
Refrigerator 
Family room light 
Television 
Microwave 900 jo.18(135) | 
Table fan 
Clock radio 


Coffeemaker 200 0.5(100) 


To determine the total energy you will need per day, add the figures 
for watt-hours/day, then divide the total by 1 000. In the table above, 
the figures in brackets on each row represent the wattage each 
gadget requires. This means you will need 1,699 kWh/day. However, 
your energy needs per day should be adjusted for the inefficiency of 
about 10%. 


Consider your average kWh per day and divide it by eight hours if 
that is the maximum time you get peak sunlight. Multiply this number 
by 10% of inefficiency to get the output. To be on the safe side, you 
can multiply it by 1.3. Most solar panels consist of about 40 to 90 
watts. The voltage output is usually 12VDC which means that you 
should get an appropriate battery for energy storage. 


How to Calculate the Number of Solar Panels You 
Require? 

When you have calculated the average power required by all your 
appliances, you can determine the number of solar panels you may 
need for your home. Power is measured in watts, and different 
panels produce various levels of wattages. The wattage or power 
produced by a single solar panel determines the number of solar 


panels you will need to install. 
Energy Usage 


As noted above, the number of solar panels you will need for your 
home depends on your energy usage. After calculating your monthly 
electricity consumption in kilowatt-hours (kWh), you can easily 
calculate the number of panels you use. You should also know that 
energy usage fluctuates depending on factors like time of year. 
Depending on their capacity, if your monthly energy usage is about 
900kWh, you may need between 16 and 23 solar panels on your 
rooftop. 


Amount of Sunlight 


The other factor that determines the number of solar panels you may 
need relates to the amount of sunlight you receive daily. The 
intensity of the sun reaches peak periods at different times during 
the day, depending on your location. Multiply the daily peak sun 
hours by 30 if you want to get the total monthly amount of sun you 
receive in your area. Solar energy is more effective in tropical 
regions that receive an average of 6 to 8 hours of sunlight per day. If 
you live in such a place, you may need fewer solar panels. However, 
you will need more solar panels if you live in a cold climate. 


Calculate the Solar Power System Size 


When you know the average amount of energy produced in your 
area, you can calculate the size of the system you will need. Solar 
power systems come in different sizes depending on your total 
energy requirements and the amount of sunlight you receive. Other 
systems are more powerful than others, and this all comes down to 
the quality of panels you buy. 


How to Improve Efficiency 


When you have installed the appropriate system, there are different 
things you can do to maintain efficiency. This will help you get the 
optimum output of electricity in your home. We have been explaining 


this in previous chapters; the following are some of the tips to 
improve solar panel efficiency. 


Choose the Best Solar Panels 


It is important to choose the best solar panels if you want to enjoy 
maximum efficiency. Solar panels consist of photovoltaic cells that 
convert energy from sunlight to usable electricity. A solar panel 
cannot convert all energy it receives into electric power. Therefore, 
its efficiency depends on the percentage of energy received and the 
amount converted by the photovoltaic cells into electricity. 


Solar technology is constantly improving and seeing increases in 
efficiency. Solar cell efficiency has significantly improved from about 
15% to 20% in recent years. You should remember that not all solar 
panels are equal since they consist of different materials. The 
structure of the panel also determines its efficiency. More efficient 
solar panels are expensive, but choosing more efficient models may 
be the best option if you want to achieve the best results. 


Another important factor that can help you get the best solar panel is 
brand. Reputable brands are more efficient, and that is mainly why 
they are expensive. Some of these brands consist of high 
concentrated photovoltaic (CPV) cells. The cells used in CPV have 
an average of 46% efficiency, while traditional solar panels have a 
peak of about 22%. As a result, CPV panels come at a higher price 
compared to traditional PV ones. 


Apart from choosing the best solar panel, it is crucial to buy the best 
batteries. You should include solar batteries, an inverter, and a solar 
controller in your battery. Different types of solar batteries are 
available on the market, so getting the best deal is a good idea. The 
main purpose of a battery is to store energy transformed from the 
sun by solar panels for later use. A solar panel does not work at 
night, and its effectiveness is limited when the weather is cloudy. 


You also need to get the best solar regulator that suits your system 
to prevent it from being damaged by excessive energy from the sun. 


When the power from the sun is not regulated, it can damage the 
batteries, which will affect the efficiency of your solar system. You 
also need to choose an inverter compatible with your system to 
ensure the best possible power output. An inverter converts DC, the 
form in which solar power comes, to AC which is required by other 
home appliances. 


Don't Install Solar Panels in Places with Shade 


Shade can affect the amount of energy received. Make sure your 
roof is free of overhanging tree branches or other obstacles that can 
block sunlight from reaching your solar panels. It is vital to choose 
the right direction to install solar panels in your house. Choose the 
side of the roof that receives more sunlight during the day. It is vital 
to assess your property carefully to avoid challenges related to 
shade. 


Hire an Expert to Install Your Solar System 


It is important to ensure that an expert installs your solar system if 
you want to get the best results. If your panels are improperly 
installed, they will not receive maximum sunlight, leading to a lower 
power generation. When installing solar panels, you should consider 
the angle. For instance, a solar panel should sit at an angle of about 
18 to 36 degrees from the sun. Only experts have this kind of 
knowledge. That knowledge can go a long way in improving the 
efficiency of your solar system. 


Another factor that can affect the efficiency of your solar panels is 
temperature levels. The effectiveness of your panels will drop as the 
temperature increases. Therefore, there should be a sufficient gap 
between the roof and solar panels to ensure the free circulation of 
air. The material on the roof usually traps more heat on sunny days, 
and this can impact the power generated by your panels. 


A gap between the panels and roof plays a pivotal role in preventing 
your photovoltaic panels from overheating, ultimately affecting their 
efficiency. Many people are not aware of this crucial information, and 


this is why you should hire an expert to install your panels. 
Clean the Solar Panels 


Solar panels require little maintenance since they don’t have 
movable parts. However, dust and other particles can accumulate on 
the surfaces of the solar panels, which can reduce efficiency. If your 
area frequently receives rainfall, there may be no need to clean the 
panels. Power output decline can be more than 20% if too much dirt 
accumulates on your panels. 


You can clean your panels at least once a year. This will also help 
you inspect the solar panels if they are not damaged. A small crack 
on your solar panel can impact its efficiency. If you live in areas 
characterized by strong winds, you should regularly inspect your 
panels. The wind can blow small particles, and their impact on the 
panels can be detrimental. 


Install a Solar Concentrator 


A solar concentrator is designed to maximize your solar panel’s 
efficiency. This device plays a critical role in concentrating sunlight 
and converting it to electricity. All the light that falls on the panel is 
concentrated for maximum use. No light is lost if you use this 
concentrator. 


Use Energy Management Software 


It is essential to monitor the amount of energy produced by your 
solar panel to be able to notice if there is a drop in efficiency. You 
need to record the initial energy output level so you can constantly 
monitor it for any change. You can achieve this by connecting all 
your solar panels to energy management software. 


When you choose the right program, you can detect any unexpected 
changes in power output. It provides analytics for your solar power 
usage compared to the total energy generated at any given time. 
The system can also help you detect faulty panels so you can take 
corrective action. 


How to Reduce Electrical Needs 


You should know that power generated by the solar power system 
may not match electricity accessed from the public grid. Therefore, 
you must learn to reduce your electrical needs to not overload your 
solar power supply. The following measures can help you manage 
your solar energy. 


Monitor Your Device Usage 


It is vital to operate one device at a time if you solely rely on solar 
energy in your home. If you turn on multiple devices at the same 
time, you risk losing power quickly. Your batteries will lose power at a 
fast rate if you connect many appliances to the system. Therefore, it 
is recommended that you use one device at a time to ensure that 
less electricity is used. 


You can achieve this by switching off other devices you’re not using. 
For instance, if you are not watching television, you should switch it 
off. Make sure the appliances that consume more power, like 
microwave and coffee maker, don’t run simultaneously. Other 
gadgets that should not run at the same time include vacuum 
cleaners and dishwashers, as well as electric shavers and hair 
dryers. If they are used simultaneously, these devices can quickly 
drain power from the batteries. 


Use More Electricity during Sunlight Peak Hours 


Solar panels generate power from the sun’s rays, and they are at 
their peak when there is more sunlight. You should also remember 
that a solar panel can only produce power during the day. Therefore, 
try to use more power during the day for maximum results and 
reduce electricity use at night. If you can perform other household 
chores during the day, make sure you take advantage of the sun to 
not overload your power supply at night. 


You can also reduce the demand for light by fully charging all 
portable electrical appliances like phones, laptops, and lamps when 


there is enough sunlight. With a fully charged battery, you can use 
these devices until you can recharge them again the following day. 
Make sure you reserve your electricity for appliances that do not 
have batteries. 


It is essential to adjust your heating and cooling systems to 
appropriate temperatures during the day. At night, you should switch 
off the system to reduce electricity usage. You must try to find 
sustainable methods to heat or cool your home. When it comes to 
heating, you can insulate the interior of your house to keep all the 
heat trapped. You can also consider improving ventilation or opening 
the windows and doors when it is hot. This can go a long way in 
preserving your power at home. 


If you use inverters that can store energy, make sure they are fully 
charged to avoid wasting power. Additionally, you must choose 
inverters that are compatible with your solar system to avoid draining 
power too fast. It is essential to consult an expert when you buy 
components to make sure you efficiently use energy. 


When you decide to install a solar power system in your home, you 
should know your energy needs to get the appropriate panels. When 
determining energy usage, check the total power required by your 
appliances. After installing the ideal system, you should make sure it 
gives you optimum efficiency. There are different things outlined in 
this chapter that will help give you the best results. You should also 
learn to reduce your electricity use if you want to obtain optimum 
efficiency. 


Chapter 8 
Solar System Sizing and Costs 


Sizing the Solar PV System 


The most important piece of information you need to estimate the 
required capacity of your solar PV system is your monthly energy 
consumption, typically measured in kilowatt-hours. This information 
is readily available in most electric utility bills. However, it is highly 
recommendable to base the estimate on at least the entire energy 
consumption of a year, not just the most recent electric bill. Also, if 
you Carried out an energy efficiency retrofit, make sure you are using 
energy consumption data from months after the retrofit and not 
before. 


As an example, assume that your average monthly consumption 
after the energy efficiency retrofit is 300 kilowatt-hours (kWh), 
equivalent to 10 kilowatt-hours per day. This is the starting point of 
the calculation procedure. 


Find Out the Peak Sun Hours at Your Location 


A common mistake is to base the size of the solar PV system on the 
total number of daylight hours in a day, but this doesn’t take into 
account the following aspects: 


e Minimal sunlight is available in the early morning or at the end 
of the afternoon. 

e Peak sunshine only occurs around noon. 

e The nameplate capacity of solar PV modules is based on 
peak sunshine. 


In other words, if you purchase a 200-Watt solar module and the day 


lasts for 10 hours, you will not receive the full 200-Watt output during 
all 10 hours. Maybe those 10 hours of daytime are just equivalent to 
5 hours of peak sunshine. In this case: 


e Wrong calculation= 200W x 10h= 2000 Wh= 2 kWh 
e Correct calculation= 200W x 5h= 10000 Wh= 1 kWh 


Note that with the wrong approach, the output of this system would 
have been overestimated by 100%. Therefore, you must find out the 
average number of peak sunshine hours at your location. 


Find Out the Adequate System Tilt 


Even in the same location, the peak sun hours may vary according 
to the direction in which you tilt your solar photovoltaic array. For 
instance, in the northern hemisphere, the sun is in the southern 
portion of the sky most of the time. If you tilt a solar array toward the 
north, it will never receive direct sunlight, and its output will be 
minimal. On the other hand, if you tilt it toward the south, you will 
have a much higher energy output. 


The exact angle at which it must be tilted varies by location. 
Fortunately, there are many web resources where you can find this 
information, as well as peak sun hours per day. A highly 
recommendable resource is the NASA Surface Meteorology and 
Solar Energy website. The process is as simple as: 


e Open the website. 


e Click on “Meteorology and Solar Energy,” then on “Data 
Tables for a Particular Location.” 


e Input your coordinates, click submit, and a very large 
database will open. 


e Search for the “Parameters for Tilted Solar Panels” section. 


e Select “Radiation on Equator Pointed Surfaces” and click 
submit. 


e A table will open, which displays solar radiation rates for a 
wide variety of tilt angles—for example table for Brussels, 
Belgium. 


The two key pieces of information you will need from this table are: 
e In our example, optimum Angle (OPT ANG) = 39.4° toward 
the south. 
e Peak sun hours at an optimum angle (OPT) = Annual average 
of 3.26 hours. 
We will base our consumption on the annual average peak sun 
hours in this example. 
Size the Solar Array 


To calculate solar array size, first, you need to know the output you 
require in kilowatts. This is as simple as dividing daily kilowatt-hour 
consumption by peak sun-hours per day. 


e Required kW Capacity= Daily kWh/ (Peak sun hours x System 
Efficiency) 


In our example, let’s assume the overall efficiency of the solar PV 
system is 90%: 


e Required kW= 10 kWh/ (3.26 peak sun-hours x 0.90) = 3.4 kW 


We need 3.4 kW worth of solar panel capacity. Now it is just a matter 
of dividing the total system output over the nominal output per 
module. However, it is important to keep in mind that there are 
normally two nameplate values for module output: 


e Output at STC: Standard Test Conditions. 
e Output at NOCT: Normal Operating Cell Temperature. 


The STC value is obtained from laboratory tests in a_ highly 
controlled environment and does not reflect reality. The NOCT value, 
on the other hand, is more realistic and provides a better estimate. 
Assume you are purchasing a solar panel module with the following 
specifications: 


e Output (Watts) at STC= 260 W 
e Output (Watts) at NOCT= 200 W 


We need 3.4 kilowatts, equivalent to 3400 watts, and we obtain 200 
Watts per module. Therefore, the required number of modules is: 


Number of modules= 3400 W/200 W per module= 17 solar modules 


Sizing the rest of the equipment is much more straightforward. 
Equipment providers can direct you to adequate products based on 
the power output of the solar PV system. Concerning batteries, it 
depends on how many worth days of energy storage you require. In 
this example, a fully charged 10-kWh battery bank would last you for 
a day without recharging, while a 30-kWh bank would last you for 
three days. 


Sizing Your Needs 


We are used to drawing infinite power from the grid. But when you 
rely on an off-grid system like the one we are designing here, the 
amount of energy we can draw from the sun and store in our 
batteries is limited. 


That’s why we are going to carefully evaluate what appliances we 
need, how much power they need, and how long we are planning to 
use them. 


For our RV example, | think we are going to be on the road or go on 
a hike pretty often. So, I’m not going to take my everyday energy 
consumption at home as a standard but rather size everything down 
to the essentials. This is my rules-of-thumb, though. You can decide 
to design your system to get all the energy you want. Just keep in 


mind that the sun is king and out of our control and that the space on 
an RV’s roof is limited, so you'll have to deal with these restrictions. 


Now make sure you’ve got a pen and paper (or an excel sheet 
opened), and let’s get the ball rolling. 


Appliances’ Consumption Table 


What you want to do here is to draw a table to list the appliances 
you'll be using, their voltage, current, and power consumption, and 
the estimated time of use per day. For clarity, | suggest you make 
separate AC and DC loads lists. 


Usually, you can find all these pieces of information on the devices 
themselves or their chargers. You can also check the datasheet, 
check the manufacturer’s website, or google the device. 


Sometimes you’ve only got the voltage and amps information. Use 
our mighty formula to get the watts: 
6 P= V x | 


Or translated into units 


e Watts= Volts x Amps 
e Volts= Watts/Amps 
e Amps= Watts/Volts 


l'Il keep it simple here and list just a few. Note that to obtain the watt- 
hours rate, | made this: 


e Watt-hours= Watts x Hours x Load units 


Also, note that the hours of use per appliance per day depend on 
your habits and how you plan to live in your RV. 
Calculating Battery Storage 


As | mentioned in the battery section, you cannot discharge your 


battery beyond a certain rate. Never. 


Lead-acid batteries cannot be discharged beyond 50% of their 
Capacity. 


Lithium batteries cannot be discharged beyond 20% of their capacity. 


For these reasons, and since battery capacity is expressed in Amp- 
hours (Ah), we'll need some calculations here. 


First, you'll need to decide the voltage you want to use. In our 
example scenario, this is 12 V. 


Then let’s bring on the Amp-hours formula: 
e Amp-hours= Amps x hours 


That’s not very helpful, right? Lucky enough, we know that amps can 
be obtained with this other formula we used before: 


e Amps= Watts/Volts 
In our scenario, that makes: 
e Amps= 1431 W/12 V= 119.25 Ah 
Since our W value is Watt-hours or Wh, our results will not be 


expressed in Amps but Amp-hours or Ah. 


So now we know that we need 119.25 Ah to fulfill our energy needs. 
Cool. 


As we know, batteries can only serve a given percentage of their 
actual Ah rating. So let’s calculate how much Ah our battery bank 
should provide. 


Lead-acid battery example: Since lead-acid batteries can only be 
discharged at 50%, their actual capacity is 50%. The ratio of the 
100% capacity to the actual capacity (50%) will result in our 
multiplier to find out how many Amp-hours our battery bank should 


provide. 


e 100/50= 2 
e 119.25 Ah x 2= 238.5 Ah 


Therefore, a lead-acid battery bank should be rated at least 238.5 Ah 
to provide the amount of electricity we need. In this case, | will 
recommend buying three batteries of 100 Ah each and wiring them 
in parallel. 


Lithium battery example: Since lithium batteries can only be 
discharged at 20%, their actual capacity is 80%. The ratio of the 
100% capacity to the actual capacity (80%) will result in our 
multiplier to find out how many Amp-hours our battery bank should 
provide. 


e 100/80= 1.25 
e 119.25 Ah x 1.25= 149.07 Ah 


Therefore, a lithium battery bank should be rated at least 149.07 Ah 
to provide the amount of electricity we need. In this case, | will 
recommend buying two batteries of 100 Ah each and wiring them in 
parallel. 


Real-Life Use and Time of Discharge 


Calculating the Amp-hours per day we need is not accurate enough, 
though. 


The Ah capacity of a battery is almost always calculated on a 
constant usage over 20 hours at room temperature. But in real life, 
we'll probably use most of this capacity in the evening, in a much 
shorter period, with much higher intensity, and at a time when our 
solar panels cannot “Refill” the battery bank. 


| mean that its much wiser to size your battery bank on the expected 
peak daily consumption rather than on the average daily power use. 


Let's get back to our example. We can expect to have our solar 
panels constantly recharging our batteries until 6 pm, then the sun 
will set, and we will have to rely solely on the battery. 


We can assume our battery bank will be completely topped-up, and 
we can also expect to use the most electricity between 6 pm and 11 
pm. That’s 5 hours. 


We've got two phones and two laptops, and each needs one evening 
charge cycle of approximately 2 hours of charge. 


Basically, in the peak hour, we'll probably be using every appliance 
listed above. We'll just have to cut down the laptop and smartphone 
charging demand since we’re going to charge one device at a time. 
We only need one charge cycle, and we are only considering one 
hour. That makes 565.2 Wh in the peak hour. 


Let’s find out how many Amp-hours that makes: 
e Amps= 565.2 W/12 V= 47.1 Ah 


It looks like our 200 Ah battery bank (lithium) or 300 Ah battery bank 
(lead-acid) is more than enough, right? Wrong. 


The Amp-hours value displayed on the datasheet is meant for a one- 
hour only usage to full discharge, which is not something we want to 
do. 


As we already calculated, a 300 Ah lead-acid battery can serve us 
only 150 Ah (50% of capacity), which is enough to cover our 47.1 Ah 
peak hour need. 


But we have to consider that, at night, solar panels won’t produce 
any power to refill the battery bank. Therefore, after the peak hour, 
you'll be left with 102.9 Amps for the remaining 4 hours, which 
means 25.73 Amps per hour. 


Let’s calculate how many Amp-hours we need to light our RV and 
charge one phone and one laptop for one hour. 


Lights: 


e 19.2 W x 6 lightbulbs= 115.2 Wh 
e 115.2 W/12 V= 9.6 Ah 


Laptop + Phone: 


e 85 W +5 W= 90 Wh 
e 90 W/12 V= 7.5 Ah 


Total: 
e 9.6 Ah + 7.5 Ah= 17.1 Ah 


Sounds good so far! Well, not so fast. 


At this rate, we'll be emptying our battery bank (to the safe depth of 
discharge of 50%) in 5 hours. Not 20 hours (or 10, given the max 
50% depth of discharge). 


That’s where we want to check the C-rate of our batteries. In our 
case, we'll be considering a standard C20 rate (but be sure to check 
the specific C-rating of your battery). 


A C20 rate means that the battery will take 20 hours to discharge at 
100%. But we only want to use half of our lead-acid battery (or 80% 
of our lithium battery), so first, let’s cut the discharge time out. 


e 20 hours x 50%= 10 hours 


e 20 hours x 80%= 16 hours 


In our case, we want to discharge our lead-acid battery, to the safe 
50% depth of discharge, in 5 hours. 


So since: 


e 10 hours x 50%= 5 hours 
We'll have to look at the C-rate for 10 hours of use, or C10, to know 
how many amps we can get for our evening consumption. 
Let’s check the datasheet for one battery: 


What we learn here is that if the discharge time is shorter, we get 
more amps, but the actual capacity shrinks a bit. 


Thats because we'll be drawing much more current in a shorter 
amount of time, and this will impact the temperature inside the 
battery, thus affecting chemical processes and all the stuff we’ve 
already covered in the battery section. 


So, looking at the 10 hours column, we know that we can only safely 
draw 9.2 Amps from each battery. 
e 9.2 Amps x 3 lead-acid Batteries= 27.6 Ah 


That’s still far from the 47.1 Ah we need in the peak hour, but that’s 
more than enough to power the remaining four hours, which will 
have a maximum current need of 17.1 Ah. 


What we can do in this situation is instead grow our battery bank to 
match our needs (6 will do): 


e 9.2 Amps x 6 lead-acid Batteries= 55.2 Ah 


Or reduce our consumption. For example, we can decide to switch 
off half the lights and avoid charging our devices while someone is 
taking a shower. That’s what I’m going to do here. 


e 417.6 Wh + 12 V= 34.8 Ah 


That’s still more than the 27.6 Ah available, so you still have to buy 
one more 100 Ah battery: 


e 9.2 Amps x 4 lead-acid Batteries= 36.8 Ah 


Or you can choose to cut on the hairdryer, which is a huge 
consumer. 


That’s it! Now we know how to size our battery bank properly. 
Planning for Critical Situation 


One last thing about battery banks, if you plan to travel far from any 
grid, you may want to avoid finding yourself without any electricity. 
That can happen if you get some rainy days or if, for some reason, 
the solar panels can’t produce enough energy to sustain your needs 
for a few days in a row. 


In this scenario, you should build a bigger battery bank to ensure you 
never run out of power. What | suggest is to triple the battery bank 
size in regards to your peak hour needs. 


Or, if you are a Super-planner like me, you should prepare a backup 
plan with a consumption reduction schedule based on some 
scenarios from best to worst case. That’s up to you! 


To sum it up: 


e Vehicle to power: RV 

e System Voltage: 12 V 

e Average Electricity daily needs: 1,431 W (119.25 Ah) 
e Peak Electricity hourly need: 417.6 Wh (34.8 Ah) 


e Battery bank: 4 x 100 Ah lead-acid Batteries (9.2 Amps each 
at C10, or 36.8 Amp-hours total at C10) 


How to Size a Solar System 


After establishing that a grid-connected solar system is the best 
option for your home, we would like to help you properly size the 
system. In this section, you will learn how to size a solar system that 
covers your energy consumption patterns without oversizing your 
photovoltaic system. 


As a systems designer, | follow a step-by-step process to size 
systems based on the dimensions that work with the constraints of 
my client’s project. 


The first step is to discover the main constraints for the project and 
use these constraints as a starting point for the design. We can 
approach the project from one of three angles: 

e Budget constraints: Create a system within the set budget. 


e Space restrictions: Create a system as space-saving as 
possible. 


e Energy offset: Create a system that balances a certain 
percentage of your energy consumption. 


| want to make sure that | provide a system that meets my client’s 
specifications, but | also need to consider the size factors that may 
not be immediately apparent to them. 


Some common obstacles that keep popping up: 


e Local sunlight. 
e Array alignment (tilt angle). 
e Plans for future expansions. 
e Evaluation of product efficiency. 
e Natural reduction in benefits during the warranty period. 
This section is intended to provide a detailed overview of the sizing 


process for grid-connected solar systems taking into account the 
restrictions mentioned above. 


For the quick estimate sizing of photovoltaic systems connected to 
the grid, first, determine the kilowatt-hour (kWh) consumption from 
the electricity bill. We would like to be available every 12 months to 
view the peaks and valleys used. Energy consumption increases in 
summer and winter when air conditioning and heating devices are 


used heavily. A whole year of data on energy consumption gives us 
the overview we need. 


We would like to average the 12-month invoice data to determine the 
average monthly consumption of kWh. Networked systems tend to 
produce an excess in Summer with maximum solar radiation. 


If the service company offers a convenient guideline for net 
measurement, the system’s energy can be registered with the 
service company as credit for later use. Not all utilities do this. Check 
with your local supplier. 


Next, we would like to search for your sunshine hours per day using 
a sunshine hours chart or the PV watt calculator (I will come back to 
this in the next steps). We can use this simple formula for a general 
estimate and then refine it as we move on to design: 


e Annual kWh  consumption/365 days/average hours of 
sunshine) x efficiency 1.15= size of the required solar DC 
system. 


If the solar system cannot be exposed to the south at the preferred 
angle, it is necessary to adjust it by adding more solar energy. 


Here is an example; | live in New Mexico, where the photovoltaic 
watt calculator says | have an average of 6.10 hours of sunshine per 
day. It’s a lot, | know, but that’s why | live here. | use 1000 kWh per 
month or 12,000 kWh per year. According to the formula: 


e 12,000 kWh/365 days/6.1 hours of sunshine) x 1.15= 6.2 kW 
DC solar system required. 


Project Development of the Estimated System 


| search for the address in Google Maps when | am ready to 
estimate the solar power system as precisely as possible. I’m 
checking if | have viable options for a south-facing roof bracket. 


Your solar power system should be facing the equator, so if you live 


in the southern hemisphere, look for options north instead. 


A roof bracket is a simple and cheap solution. It costs less than other 
racks. The roof pitch is often already designed for solar gain and 
keeps the solar modules close to the inverter and the service panel. 
This is excellent for efficiency and costs less in pipes and wires. 


If a roof bracket is out of the question, | will consider the possibility of 
floor mounting or a solution mounted on a pole. 


As soon as we know how much space we have for the solar panels 
and the angles and directions we will work, | take the photovoltaic 
watt calculator and follow these steps. 


How to Use the PV Watts Calculator 


e Enter the address and click the orange arrow on the right. 


e If you are on the System Information page, enter the size of 
the CC system from the previous section. 


e Select the standard module. 


e For the array type, select “Fixed” for the roof brackets or 
“Open” for the floor brackets. 


e Leave the system losses at around 15%. 


e Enter the roof slope in degrees and the azimuth. Azimuth is 
the degree of north and south, where north is zero and south 
are 180. (Click here to find out how to optimize the angle and 
azimuth values). 


e After entering all the information, click the arrow on the right to 
see how much electricity your system uses each month. 


This is our step-by-step process to refine a system of precise 
dimensions. We provide this information because our audience is 
very do-it-yourself, and most people prefer to do their research at 
their own pace. 


Once you are ready, we advise you to consult with professionals so 
that you can check the dimensions, find compatible products, and 
make sure that the system works within your limits (budget, space, 
and energy offset). 


Selection of Solar Grid Systems 


Once we know how big the solar system must be, we will compare it 
to the available space. If you are doing a floor mount, this is usually 
not a problem. 


From my example above, | know I need a 6.2 kW DC system. | can 
multiply that number by 1,000 to confirm that | need 6,200 Watts of 
solar panels. 


My fastest resource is to go to our grid-connected solar packets and 
scroll down until | see something in this area. If the customer 
expresses the desire to purchase panels made in America or needs 
certain functions, such as monitoring individual panels, | consider 
these options. 


Here are some viable options that | would consider. Note that 
imported panels are cheaper, so you get around 10% more 
production at the same price. 


Mesh binding systems with panels made in America: 
e 6.2 kW system with Mission 310 W solar modules and Solar 
Edge inverters/optimizers. 


e 6.2 kW system with Mission 310 W solar modules and 
Enphase IQ7 + microinverter. 


e 6.2 kW system with Mission 310 W solar modules and SMA 
central inverters. 


Grid systems with imported panels: 


e 6.7 kW system with 335 W Astronergy solar modules and 
SolarEdge inverters/optimizers. 


e 6.7 kW system with 335 W Astronergy solar modules and 
Enphase IQ7 + microinverter. 


e 6.7 kW system with 335 W Astronergy solar modules and 
SMA central inverters. 


Off-Grid Solar Power System Costs 


As established in previous chapters, going off-grid requires more 
than just installing solar panels. The use of solar panels only offsets 
the cost of your electricity bill. However, to go completely off-grid, 
you need a storage system that can help you smooth out your 
system’s usage and energy production as time goes on. That said, 
you will also need to find a way to transfer the produced or stored 
energy into the batteries so that it can be converted to electricity. 
While the installation of solar power systems is known to be a bit 
pricey, it can cost a lot more to go completely off-grid and install an 
off-grid solar power system that can power your whole house. Find 
out more about the costs of off-grid solar power systems in this 
chapter. 


Off-Grid Solar Power System Cost Based on Type 


As you may know, solar power systems come in many different 
types. For example, there are AC solar power systems that come 
with a backup generator, and these are considered the most 
common type of solar power system used in off-grid situations. 
There are also mixed AC and DC solar power systems that work for 
people who don’t need as much energy as that produced by a DC 
system. These systems come with backup batteries in case the sun 
is not shining. Depending on your needs, you can choose the most 
suitable type of solar power system. However, there are different 
costs for each system, and you need to figure out which one works 
best within your budget. 


AC Systems 
An AC system is considered one of the most fitting solar power 


systems for houses that run on off-grid power. For this system, you'll 
need an inverter to convert power from DC to AC. You'll also need a 
line-up of solar panels and a few batteries to back up your system. 
Keep in mind that you need to be aware of your power needs so that 
you can install a system that is large enough to power your entire 
house. We'll go over the different sizes of off-grid solar power 
systems in a bit, but you'll need at least a system of 7kW to cover all 
the energy needed by your home. For an AC system this size, it will 
cost from $30,000 to $60,000, depending on how much power your 
home needs. 


DC Systems 


This type is a little more affordable than AC solar power systems, but 
its quite common for traditional solar power system users. Many off- 
grid systems are either DC or direct current systems. This type does 
not use batteries or an inverter but still provides your home with 
power. In order to go completely off-grid while using a DC-only solar 
power system, your house needs to be small, or you need to be 
living in a cabin where electricity needs are very few. This is because 
DC systems are usually only capable of powering mild lighting and 
some small appliances. In addition to the lack of batteries, which 
means your system cannot store power, this also means your 
system cannot supply your house with electricity if there is no sun. 
These systems cost between $6000 and $10,000. 


Mixed DC and AC Systems 


As we explained, mixed DC and AC, or alternating current, systems 
are suitable for people who need slightly more electricity than a DC 
system can supply but, at the same time, do not need a fully involved 
system like the AC types. This type of solar power system lets you 
use fewer batteries and panels to power larger appliances in your 
home compared to stand-alone DC systems. Although it’s designed 
for lower energy needs and usage, batteries are still provided with 
this system to supply your home with electricity even when there’s 


no sunlight. You will still need a backup system along with this one, 
but they usually cost around $10,000 to $50,000, depending on the 
size. 


AC Systems with a Backup Generator 


We consider AC systems with backup generators to be the most 
fitting for houses that run on off-grid solar power. This AC system 
comes in the right size to power your home’s entire load, and the 
backup generator powers your system and your home in case the 
sun is not out for a prolonged period. The generator also exists to 
work as a standby system in case of a power emergency, as it uses 
propane, which is not the cheapest resource. This means that if 
there was little sunlight for a few days and your system could not 
store enough energy, the backup generator would kick in to cover 
your home’s electricity needs. You should expect to pay anywhere 
from $40,000 to $70,000 for an AC solar power system with a 
backup generator. 


AC Systems with Wind 


AC solar power systems with wind generators are ideal if you do not 
want to use a large solar-only system. These systems allow you to 
scale down your solar needs and use the wind to power up your 
backup system. These are perfect for areas with little sun and 
frequent winds. Depending on where you live, you may need one of 
those to store backup energy without relying on the sunlight only. 
This means that when your AC solar power system is down, you can 
use the backup electricity generated by the wind system. The costs 
of wind generator AC systems range from $20,000 to $80,000, 
depending on the size of the system you choose. So, decide on your 
budget and energy needs before choosing the type of off-grid solar 
power system suitable for your home. 


Off-Grid Solar Power System Cost Based on Size 


Solar power systems can be installed in many different sizes. For 
example, you can use a 3kW or 4kW solar power system to go 


completely off-grid if you live in a sunny area while using a backup 
system as well. However, most homes will need 5kW to 7kW at least 
to run off-grid. Some houses have energy demands that are higher 
than usual, so if you live in one of these houses, you'll need a 10kW 
system at least. You can also use other smaller systems to go off- 
grid if you pair them with other supplemental systems as a backup. 
Here are the costs of off-grid solar power systems based on their 
sizes. 


The Price of a 2kW Off-Grid Solar Power System 


2kW solar power systems are considered too small to rely on for 
complete off-grid usage. However, you can use one of these 
systems along with another system to power your home and go off- 
grid if you live in a very sunny climate. The best usage for these 
systems is to reduce your energy use and electricity bills while 
staying on the grid. With this system size, you either need another 
main system as a backup, a very tiny house, or phenomenally low 
power usage to go off-grid. They cost around $20,000 to $25,000, 
including all the components and parts. 


The Price of a 3kW Off-Grid Solar Power System 


3kW systems are good enough to power smaller homes in sunny 
climates, although sometimes, it may be better to have a backup 
system in place. This doesn’t mean that you can’t go off-grid with a 
3kW solar power system. If you have higher power needs, however, 
you'll need a larger system. In fact, the majority of houses using this 
system size still rely on the grid for electricity. If you’re using this 
system size to go off-grid or partially off-grid, it will cost you around 
$35,000. The price of a regular 3kW solar power system is around 
$30,000. 


The Price of a 4kW Off-Grid Solar Power System 


A 4kW solar power system is still not enough to supply a house with 
high energy demands when going off-grid. However, smaller homes 
can go off-grid easily with a 4kW system located in sunny climates. If 


your energy usage is higher than average, you'll also need a backup 
system installed with your 4kW system. The same applies if you live 
in a moderately sunny area. A backup system will power your home 
even when the sun is not out. For off-grid use and partial off-grid 
use, these systems cost from $35,000 to $40,000. 


The Price of a 5kW Off-Grid Solar Power System 


In a very sunny area, an average-sized home can function off-grid 
with a 5kW solar power system. Additionally, a smaller house can 
also be off-grid with a 5kW system in a moderately sunny area if a 
backup system is installed. This size of a solar power system can 
provide enough energy for most houses to rely on its power 
independently. However, it may still be a little small if you have 
higher-than-average energy needs. In that case, make sure you also 
install a backup system to prevent power outages. The average 5kW 
solar power system costs between $40,000 and $45,000 if you're 
using it to go off-grid. 


The Price of a 10kW Off-Grid Solar Power System 


The 10kW size for solar power systems is sufficient for almost any 
house size in a moderately sunny climate. Even average-sized 
homes with higher-than-average energy demands can live off-grid 
with a 10kW solar power system. This is a good size if you don't 
want to spend a lot of money on backup systems but want to rely on 
solar power only to go off-grid. Its large enough to power all your 
appliances without a backup system in place if you live in a sunny 
area. 10kW systems provide all energy needs to any home if there’s 
enough sun. They cost from $70,000 to $80,000. 


The Price of a 20kW Off-Grid Solar Power System 


20kW solar power systems are perfect for all situations in lower sun 
areas. This includes homes that have higher energy demands and 
those that don’t use backup systems. They are large systems that 
are sometimes more than you will need for your entire home. They 
are perfect if you want complete independence from the grid. 


Alternative mounting may be required if you go for this size of solar 
power system, as the panels involved can be more than a standard 
roof can carry. The price of a 20kW system starts from $100,000 and 
goes up to $120,000 with all the components and parts included. 


The Price of a 30kW Off-Grid Solar Power System 


30kW solar power systems are great for businesses that want to go 
off-grid. For example, a farm that requires extensive energy supplies 
to run efficiently may want to use this system. In this case, you'll 
need a commercial-sized system that can deliver all your power 
needs. 30kW systems provide all the energy a commercial building 
would need to go off-grid in a moderately sunny area. Regardless, 
you should always keep a backup system in place when running any 
commercial system. 30kW systems cost from $120,000 to $150,000 
with all components included. 


Off-Grid Solar Power System Cost Based on Component 


In order to go completely off-grid, many components have to be 
assembled for your off-grid solar power system. For example, using 
an AC system requires more than installing solar panels to power all 
of your home’s electrical needs. For that type of system, you'll also 
need an inverter, batteries, and charge controllers for the batteries. It 
will cost you more to use a backup energy source such as wind 
power or backup generators. However, if you rely on a DC system in 
addition to another mains system for all your primary power needs, 
you will not need batteries, controllers, or inverters, and you'll only 
need the panels. Outlined below are the costs of the main 
components of off-grid solar power systems. 


Solar Panels 


This component makes up the bulk of the overall cost of off-grid 
systems. Solar panels are responsible for harnessing the energy 
coming from the sun’s rays to start the production of electricity. Your 
house may require different types of cells or extra panels and cells 
depending on your energy needs and location. However, you should 


expect to pay between $10,000 and $18,000 for the panels alone. To 
go off-grid, your home will probably need a solar panel array, which 
refers to the set of different panels that are designed to meet your 
home’s power needs. This is why the number of panels or cells you 
need to install varies depending on your energy consumption. 


Inverter Price 


The inverter’s job is to convert solar energy into electricity. Of 
course, the number of inverters you need, the size, and the type all 
depend on the number of batteries you have, the panels in your 
system, and the amount of electricity your home needs. When 
energy is harnessed from the sun, it is produced by your system as 
DC, which needs to be converted into AC, or alternating current, to 
be stored effectively. This is what the inverter does, and the more 
power you use, the more inverters you need to make the energy 
usable. The cost of a solar power system inverter ranges from 
$7,000 to $8,000 and is even higher if you have higher energy 
needs. 


Solar Battery System 


Batteries are essential for any home to go off-grid, as they store 
excess energy to be used later. This is helpful when there is no sun 
at night to power your panels. Batteries cost anywhere from $4,000 
and $14,000 per installation, and for off-grid usage, you'll need either 
lithium-ion batteries or flooded lead-acid batteries. FLA or lead-acid 
solar batteries come in two types, flooded and sealed. Meanwhile, 
lithium-ion batteries do not require maintenance at all and are safer 
and more recommended for off-grid use. They last longer, are 
smaller in size and take less space than FLA batteries, but they’re 
also a lot more expensive. They cost between $12,000 and $14,000. 
However, you'll only need 2 of those compared to 8 of the other FLA 
batteries. 


Solar Charge Controller 


Each one of your solar batteries requires a solar charge controller to 


charge it. So, you'll need between 2 to 8 solar charge controllers for 
your off-grid system. This component’s main function is to convert 
the energy that is supposed to be stored into a storable form when 
the batteries are not able to handle the energy independently. Each 
charge controller costs around $500 to $600, and you may need up 
to 8 controllers. So, the costs of these charge controllers vary 
depending on the size and type of solar power system you have at 
home. 


Costs of Alternative Energy Sources 


If you live in a moderately sunny area, you may not get as much 
sunlight as required for your system to run effectively. Insufficient 
sunlight can cause your solar power system to fail, which is why you 
need an alternative or backup energy source when your system is 
not getting enough solar energy. You can go for wind or hydro 
turbines, which usually cost about $6,000 to $11,000. Another option 
is to install a backup generator that is powered by propane, and the 
cost of a generator ranges from $4,000 to $9,000, so make sure you 
consider this one as the last option unless your budget allows for an 
extra $9K. 


The Number of Panels Required to Run a House Off-Grid 


Normally, your home’s power needs to determine the number of 
panels required in your solar power system. On average, most 
homes in sunny climates that don’t want to rely on backup systems 
would use a 7kKW system. To produce 7kW from your system, you 
need 27 solar panels, which is an array of panels that may be too 
many for your house roof to handle. Therefore, they may not be fixed 
on the roof if there are too many to fit. In these cases, arrays can be 
fastened partly on the roof or on nearby poles. Depending on your 
home’s average energy consumption, you may also need more solar 
panels. 


Off-Grid System Labor Costs 
Around 10% of an off-grid system’s price is made up of the labor 


costs involved in putting your system in place, such as installing the 
batteries and panels, mapping out the best position for installing the 
panels, getting the system up and running, and connecting all of the 
components together. For example, a $50,000 system will require 
around $5,000 just as labor costs. You'll notice that most companies 
include them in the package price instead of charging you separately 
for labor costs. These costs usually vary depending on many factors, 
including the condition of your roof and whether it requires additional 
reinforcement, the system’s size, the pole type required to mount the 
panels, and the general setup or layout of the project. 


Most people use a solar power system to power their homes while 
staying on the grid. However, going off-grid requires more than 
installing solar panels and certainly costs a lot more. In order to plan 
out your budget before going for an off-grid solar power system, you 
need to consider all the different costs of all parts and components 
included in these systems. You also need to determine the size and 
type of the system your home needs which should be based on your 
average energy consumption. Other factors include the climate you 
live in and whether you're going to be using a backup system or not. 
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Dimensions of the Panels 
The first item to consider is the dimensions of the panels 


themselves. In essence, the greater the capacity of the panels, the 
larger the size. This relates specifically to the number of cells 
contained in the panel. Thus, more cells mean more surfaces to 
capture sunlight. 


Of course, given the dimensions of the panels themselves, they may 
be too big or too heavy for your roof. This is something that you 
might want to get a second opinion on. In this case, the last thing 
you want to do is to put additional weight on your roof. 


Roof mounting may not be the best course of action if you have an 
older roof that’s not in the best shape. However, it may be your best 
choice, especially if you don’t have much land on which to mount 
your panels. 


You could have smaller panels, though having multiple panels may 
be more of a hassle than a benefit. Also, if you choose to mount your 
panels on the ground, make sure that they are in a spot where they 
can get direct sunlight most of the day. Before actually mounting 
them, monitor the area in which you would like to mount your panels 
to see if there isn’t any shading. 


Typically, solar panels are about 65 x 39 inches or 165 x 100 cm, 
depending on the manufacturer and power rating of a panel you will 
decide to buy. 


By having the watt rating and dimension of one solar panel, you will 
be able to see the number of panels you can install in a certain area. 


Wiring of Solar Panels 


The negative lead from the terminal of 1 panel goes to the positive 
lead of another, then the negative lead of this panel to the positive 
lead of the third panel, and so on. 


e V= V1+V2+V3+V4+... 
e |=11=12=i3=14 


The voltage will increase, and amps will be the same. When we have 


small amps, we can choose thinner wires (because the wire 
thickness depends on amps going through the wire), and we can 
have smaller power losses. 


e Cons of connecting solar panels in series: Solar panels are all 
connected and work as one giant solar panel. If only one 
panel of the solar array is covered by the sun, the efficiency of 
the whole solar array will be significantly decreased. 


They should be all the same characteristics (volts, amps, material) 
and be mounted close one to another and angled in the same way to 
work efficiently. 


Wiring in Parallel 
In this case, the voltage will stay the same, but amps will add up. 


e 1=11+12+13 +14 
e V=V1=V2=V3=V4 


Selecting Wire 


Solar panel wires are typically referred to as PV wires in the industry. 
You need them to run from the panels in the array to the rest of your 
PV system, but not to the rest of the house that connects to the 
outlets or runs your lights. The gauge of wire you use is important in 
keeping your design working within the parameters that you 
designed them for. There is a reason for this. A lot of efficiencies can 
be extracted or lost in the path between source and use, and the 
wiring is the conduit for that. It can either serve to minimize efficiency 
in a best-case scenario if done wrong or be the source of 
catastrophic failure and damage in at worst case. For this, you really 
should rely on a licensed installer, but just so you can keep your wits 
about you in understanding the nitty-gritty, we are going to delve into 
the basics of wire selection. 


There are two general types of wire. The first is the classification of 


the number of strands in the core. That just refers to how many 
strands of conductors are contained within the wire. There is a single 
kind, and there are multiple kinds. The two kinds of wire are not 
beneficial in one way or the other for electrical reasons so much as 
mechanical reasons. The single strand is better when the use of the 
cable will not be under constant movement or vibration. On the other 
hand, the single-strand core is used when the wire is installed in an 
area of high-frequency movement, vibration, or bending stress. 


For PV installation, using either is fine because most of the wiring is 
going to be fairly stable, and so the actual consideration under this 
condition will be similar. 


PV wires are rated by amps. Remember, amps are the measure of 
current flow per unit of time in one spot on the circuit. So, if you were 
to slice a cable, look at its cross-section and count the number of 
electrons (carrying the charge) flowing through that cross-section in 
one section that would correspond to one coulomb of charge in one 
second. We talked about this earlier. So, it makes sense why wires 
are rated this way. If you want a wire to carry more charge, then you 
would use one that does so. The higher the amps in the system, the 
thicker the wire gauge needs to be. If you have a 7 Amp system, you 
would need at least a 7 Amp wire, but typically about 15% more, so 
a 9 Amp cable would do the job. The reason you go a little higher is 
to avoid a heating problem when running consistently at near- 
maximum loads. 


Even if you do not plan on running at peak loads and you decide to 
skimp on the wiring, imagine if your wire can only carry less than 
what the panels are putting out, then your batteries are not going to 
get charged at an optimal rate, which would damage the batteries in 
the long run, especially when you are using Li-ions. 


All things being considered, you should buy the thickest wire 
possible, but wire can be expensive, and the thicker the wire gets, 
the more expensive it gets. You need to keep your overall costs low, 
and to do that, don’t spend it on the thickest wire possible. 


However, if you recall, earlier in the book, it was mentioned that you 
should plan. If you plan on ramping up your system over time, then 
you should get the wiring necessary for the system that you will end 
up having. For instance, if you are eventually planning to have a 10 
Amp system, but for now you are only putting in a 5 Amp system, 
then the other equipment may be phased in over the years, but your 
wiring, which is the infrastructure, should be installed at 10 Amps 
because getting a contractor to come in, strip the old wires and put in 
new ones is going to be more expensive. 


The next element about wires is the length. The longer the wire is 
from the PV array to the batteries or from the batteries to the box, 
the more you need to think about increasing the thickness. When 
you have long wires, it is going to raise the resistance of the wire, 
and this decreases the amps and drops the voltage. That means the 
batteries are going to get less juice, the appliances will get less 
power, and you are creating a fire hazard as the cables could heat 
up. To prevent this from happening, increase the wire rating by 35% 
for long installations. If you have a 10 Amp requirement, make it 14 
Amps (13.5 rounded up). 


One more point about wiring, if it is not yet obvious; when you 
calculate the wire gauge, you have to do it in segments. For 
instance, the load from the panel to the batteries is going to be 
extremely different from the load that runs from the box to the ceiling 
light. The line to the appliance may only be 7 Amps, but the line to 
the batteries from the PVB array could be 40 Amps. This is 
something that you can save on by optimizing the wires. You can 
also optimize the wires by decreasing the distance between the 
points that need thicker wires and lengthening the distance that uses 
thinner wires. 


Having said that, you should know that there is so much about the 
electricity and wiring alone in the setup of a PV system, and you 
really should get a licensed installer and technician to do this for you. 
Not doing so could void the insurance on your house in the event of 


an electric fire. 
The Right Wire Type 
Copper or Aluminum? 


You can either use copper wire or aluminum wire. Copper wire is a 
little more expensive, but it has fewer power losses. It is more 
flexible than aluminum, and it is better at preventing overheating. 


Solid or Stranded? 


Solid wires contain a single metal wire core, and stranded wires 
contain multiple stranded wire cores. 


Stranded wires usually have a larger diameter, better flexibility, and 
better conductivity but come at a higher sales price. 


| recommend stranded wires (at least for outdoor cables), but this is 
not compulsory for your PV system. 


Insulation 


Insulation is another critical factor when it comes to wiring. Your 
wires will be exposed to a variety of weather conditions, especially if 
you are building a PV system for boats and RVs. Therefore, you 
should consider UV, water, chemical, and heat resistance. 


Wires’ names indicate what they are built for. Looking at those 
acronyms like that could be a little disorienting, but when you know 
their actual meaning, they will help you out. 


e H stands for Heat resistance. Sometimes found as HH or High 
Heat. 

e W stands for Water-resistant. 

e R stands for Rubber insulation. 


T stands for Thermoplastic insulation. 


X stands for XLPE, which is Cross-Linked Polyethylene. 
e N stands for Nylon insulation. 


Now here are the different wires we can choose from: 
e THHN is ideal for dry conditions. Withstands 194°Fahrenheit 
(90°Celsius), not water. 
e THWN/THWN-2 is ideal for conduit applications. 
e RHW/RHW-2 is ideal for outdoor applications. 


e XHHW/XHHW-2 have better resistance to chemical exposure 
and abrasion. 


e USE-2 (Underground Service Entrance), ideal for 
underground wet conditions, can withstand higher pressure. 


And then there is: 


e PV Wire is designed explicitly for wiring solar panels since 
they can withstand water, extreme UV and heat exposure, and 
an extra layer of insulation. 


Color: 


e Despite the color difference, all wires are equal (if they are of 
the same type). But we use a specific color code to make 
maintenance more comfortable and safer. 


DC Power: 


e Red: Positive Current wire. 

e Black: Negative Current wire. 

e Green: Earth (sometimes green with yellow stripes). 
e White/Grey: Ground. 


AC Power (120/208/240 Volts) 


e Black: Phase 1. 


e Red: Phase 2. 
e Blue: Phase 3. 
e White: Neutral. 


e Green: Ground/Earth (sometimes green with yellow stripes). 


Warning: This is true for the USA National Electrical Code (NEC). 
Always be sure to check the right color code of your country. 


The Right Wire Size 


Choosing the appropriate size of wires and cables is critical in every 
PV system. The right wire reduces energy loss and prevents 
overheating. And in fact, using undersized cables violates the 
National Electric Code (NEC) and will most probably bring you 
troubles. 


Thickness and Rating 


First off, we are going to talk about the thickness, which is closely 
related to a wire’s rating. 


The rating is what you will want to check since it’s what determines 
how much current the wire can handle safely. In the US, it is 
determined by the American Wire Gauge (AWG). 


The AWG indicates (on its scale) the resistance of the wire. The 
lower the AWG, the less the resistance. And as you now know, the 
lower the resistance, the higher the current (Amps) it can deliver. 


A wire needs to have increasingly metal wire cores to deliver amps 
increasingly. That’s why a lower AWG rating means a thicker wire. 


Length and Voltage Drop 


You would think a wire is a wire, no matter how long it is, but this is 
not the case. 


In fact, the longer the wire, the less the efficiency. The longer the 
distance electricity travels, the higher current is expended. This 
means voltage drop. 


With some calculation, we will be able to keep that voltage drop 
under 2-3%. But we will cover that later, in the doing section. 


The Right Wire for the Right Use 
Solar Panels to Combiner Box 


Since it will be an outdoor application, the best choice here is a PV 
Wire, but USE-2 and RHW-2 are valid alternatives. 


In the doing section, we will be calculating everything upon your 
necessities, but as a general rule-of-thumb, each PV module can be 
paired with a 10-12 AWG wire. 


When you buy solar panels, though, they often come with their 
cables, which are usually designed for this specific use. No need to 
go looking for other wires. 


Combiner Box to Charge Controller 


Here you can stop worrying about water. From the combiner box on, 
your wires will most likely be running in dry conditions. Therefore, 
THHN-2 will suffice. 


Of course, if you are building a PV system for your boat, water will 
always be a security issue, so you may want to consider THWN-2 as 
well. 


Here you will be looking for thicker wires with a lower AWG rating 
(3-8) since they will need to carry the current coming from multiple 
solar panels. 


Charge Controller to Batteries 


Since the battery bank spot can get very hot, you will need wires that 
can withstand higher temperatures. Therefore, | recommend you use 
a HH wire type, like THHN-2. 


Moreover, batteries are made of chemicals, so you can also consider 
XHHW-2 wires for extra safety. When they fail, lead-acid batteries 
also produce water, so a water-resistant wire is always a good idea, 
too. 


On boats and in wet conditions, again, be sure to choose a water- 
resistant wire. 


As per the current needs, keep the same gauge and diameter of the 
wires coming from the combiner box. 


Batteries to Batteries 


We're still talking about batteries, so the same recommendations are 
valid here. Use a wire type with high heat, water, and chemical 
resistance. 


The batteries will be connected to the inverter, which is connected to 
the loads. And as we can safely presume that higher current demand 
will happen sooner or later, l'Il suggest you use even thicker cables, 
ranging from 3 to 3/0 AWG. 


When connecting multiple batteries together, be sure to use wires of 
the same length, same diameter/AWG, and from the same 
manufacturer. 


500W Solar Panel Main Components List 


Maximum Power: 500W 


Maximum Current: 13A 


Maximum Voltage: 38.38V 


Maximum System Voltage: 1500V 


12V Blue Carbon 


Product Name: BCT UU 12-100 LifeP04 
Battery Pack 

Capacity: 100Ah 

Max Input Current: 80A 

Max Output Current: 80A 

Charging Voltage: 14.4V 

Nominal Voltage: 12.8V 


APPT bds Charge Uriin 


LE Rohs 


Solar Charge Controller 
Product Name: SRNE MPPT ML2440 
Battery Voltage: 9 to 35V 


System Voltage: 12V/24V 
Max PV Input Power: 550W/12V, 1100W/24V 


Inverter 

Product Name: Snaterm FT-1L500W 
Inverter Type: Toroidal Low Frequency 
Output Power: 1500W 

Output Frequency: 50Hz or 60Hz 
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PV Switch 
Product Name: DC Isolator with MC4 
Rated Voltage: 1000V 


Rated Current: 32A 
Utility: This is important when conducting Maintenance. 


Solar Panel 


Application: 


e After the PV array and before the DC circuit breaker. 
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AC Switch 

Product Name: AC Isolator Switch 
Rated Voltage: 230 — 440V AC 

Rated Current: 25 — 32A 

Utility: Useful during maintenance of the 
AC side of the system. 

Application: 
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To be installed after the inverter and before the AC watt meter 
and AC SPD. 


DC Switch 


e Product Name: DC Battery Isolator Switch 
e Rated Voltage: 1000V 
e Rated Current: 200A 


e Utility: Useful when conducting maintenance with the inverter. 


Battery Bank 


Inverter 


Application: 


¢ To be installed on the negative line of the battery bank to the 
inverter. 
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DC Circuit Breaker 


e Product Name: Inline Marine Grade DC CB 


e Rated Voltage: 12V — 48V 
e Rated Current: 80A — 100A 


e Utility: Protects the battery and inverter from over-current and 
short circuit. 


Battery Bank 


Inverter 


Application: 


e To be installed on the positive line of the battery bank to the 


inverter. 

6 6 

TOS 12-63 
c— CE se 
: mrig fa k 
eas 
HF E af 

DC MCB 


e Product Name: DC Miniature Circuit Breaker 
e Rated Voltage: 440V — 12/24/48V 
e Rated Current: 25A & 40A 


e Utility: Protects the battery bank, SCC, and PV array from 
overcurrent and short circuit. 


Application: 


SCC 
Solar 
Panel Als 


The 25A will be installed between the PV array and the SCC. 
e The 40A is between the SCC and the battery bank. 


To Ground 


DC SPD 


e Product Name: DC Surge Protection Device 
e Rated Voltage: 500V-1000V 

e Rated Ka: 25Ka — 40 Ka 

e Utility: Protects the DC side of the system 


from any voltage fluctuations or surges typically caused 
by grounded lightning strikes. 
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Application: 


e To be installed in parallel on the positive and the negative line 
of the PV array. 
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AC MCB 


Product Name: DC Surge Protection Device 
Rated Voltage: 500V-1000V 
Rated Ka: 25Ka — 40Ka 


Utility: Protects the DC side of the system from any voltage 
fluctuations or surges typically caused by grounded lightning 
strikes. 


yumsoy | 


OdDAN0 


Jao HEM | 
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Application: 


e To be installed after the Watt Meter and before the OUVCPD 
on the AC output of the Inverter. 


AC SPD 


e Product Name: AC Surge Protection Device 

e Rated Voltage: 375V/385V AC 

e Rated Ka: 20Ka — 40Ka 

e Utility: Protects the AC side of the system from any transient 


voltage or spikes typically caused by lightning deflecting it to 
the ground. 
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to AC Load 


Application: 


e This will be installed paralleled on the AC output of the 
inverter, after the AC switch. 


AC Watt Meter 


e Product Name: Digital LCD AC Watt Meter 
e Rated Voltage: 220V AC (60Hz) 
e Rated Current: 32A 


e Utility: Useful for monitoring the actual power consumption of 
the load. 
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to AC Load 


Application: 


e To be installed after the AC Switch. 
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OUVCPD 
e Product Name: Over Under Voltage and Current Protection 
Device 
e Rated Voltage: 230V AC (60Hz) 
e Rated Current: 63A 


e Utility: It protects the inverter from getting overloaded and AC 
loads in case a transient voltage is present. 
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Application: 


e After the AC circuit breaker as the first line of safety. 
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8 AWG PV Wire 


solar 
Panel 


Application: 


e To connect the Solar Panel to the SCC. 
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2 AWG Flexible Battery Wire 


Battery Bank 


Inverter 


Application: 
e To connect the Battery Bank to the inverter. 


12 AWG Electrical Wire 


Inverter 
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to AC Load 


Application: 


e To connect the inverter to A safety device and AC Load. 
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Connection Diagram for Complete Configuration 


Battery Bank 


Inverter 


Step-By-Step Installation: Off-Grid PV System 


Installing a grid-connected system has many challenges and 
obstacles. The off-grid systems are not a piece of cake either. The 


installer has to climb a high roof, manage safety issues, and buy 
expensive components. 


Step 1: Load Calculation 


The calculations are based on some appliances (fans, TV, and 
lights) and their running time. An 11-watt CFL bulb for 5 hours 
requires 55 watt-hours. Add up all the watt-hours to find the total 
power requirement. 


Step 2: Battery Selection 


Sunlight is not guaranteed, so the battery is needed for energy 
storage. Deep cycle, lead-acid batteries with deep, slow, and partial 
discharge features are the best. Make sure you calculate power, 
watt-hour, voltage, and capacity. The choice is usually between 12, 
24, and 48 volts. 


Step 3: Best Solar Panels 


Expensive monocrystalline panels are more efficient than 
polycrystalline modules. The 125-watt, 12-volt panels assure 480 
watt-hours of total power output (4 hours of sunlight). 


Step 4: Superior Charge Controller 


They regulate voltage and current between PV solar panels and 
batteries. Excess voltage is converted to amps, and charge voltage 
is optimized for battery storage. 


Step 5: Choice of Inverter 


A pure sine-wave inverter converts battery DC to AC for home use. 
Make sure the power rating is equal to more than the total load in 
watts at any time. 


Step 6: Mounting 


Choose the ideal roof location or a stand for mounting the panels. 
The sunlight should be bright and without any obstruction in this 
spot. 


Step 7: Connecting 


Set up the serial and parallel connections between the various 
components. Those who are not confident should take an 
electrician’s help. 


Step 8: Enclosures 


The installer places the inverter and battery in ventilated stands or 
protective enclosures. 


Step 9: Wiring 


DC breaker and meter connect the solar panel to the charge 
controller. 


From here, the output lines go to battery and DC load. 


The battery line runs to the inverter through the meter, followed by 
the DC breaker. The installer needs to connect the inverter and the 
AC load to the AC breaker. 


Building an Off-Grid Solar System 


In the previous chapters, we have covered the basic concepts 
involved in planning off-grid solar installation projects. Now let’s 
proceed to how to build and install your off-grid solar system. Once 
you have concluded all the necessary energy calculations and 
determined the types and sizes of the different components of your 
solar system, you can proceed to order the different parts you'll need 
and start to put them all together by following the guidelines that will 
be highlighted in this chapter. 


Building Your Solar Shed/Battery House 


Setting up the solar utility room is the first step in installing your PV 
solar system. This is the room that will house the batteries, the 
charge controller, inverter, and the battery management system (if 
any) for the off-grid solar system. The battery house can be a 
repurposed closet in your home, a separate shed outside your cabin, 
or a compartment built into your RV. 


The ideal place to position the battery house is somewhere in 
between the location of your panels and the main usage points of the 
electricity supply. Another factor that can influence the positioning of 
the battery house is the type of controller you are using. For an 
MPPT charge controller that delivers a higher voltage, it is usually a 
good idea to locate the battery house as close to your home as 
possible, as this will save costs on extra copper wire. 


Heating and Ventilation for Your Battery House 


One of the common questions when designing the battery house is 
whether it needs to be heated or not. The answer to this depends on 
the type of battery you are using. Lead-acid batteries typically do not 
require extra heating as they can tolerate freezing temperatures 
really well. However, you should still bear in mind that allowing your 
batteries to get too cold may affect their efficiency. Nickel iron 
batteries can also operate at low temperatures. However, installing a 
heating system to keep the temperature in check won't be a bad 
idea. 


Lithium batteries should never be used under freezing conditions. If 
this is the type of battery you are going for, you have to ensure that 
the battery shed is heated or fits the system with a charge controller 
capable of cutting off the system when the temperature becomes too 
low. The cheapest way to heat the battery system is to build an 
insulated box for the batteries. You can also install a heating pad 
with a thermostat that will automatically kick in when the temperature 
falls too low. This will help keep the batteries at the desired 
temperature. This temperature control system should have a low- 
voltage disconnect or be connected through the charge controller. 
This way, it will turn off as well when the batteries run too low. 


Deciding whether to vent or not to vent your battery compartment 
also depends on the type of battery involved. Open batteries like 
nickel-iron batteries or flooded lead-acid batteries need to be vented. 
This is because they produce hydrogen gas as they operate, and 
this can be dangerous. The gas produced by the open batteries is 


potentially explosive when allowed to accumulate within a closed 
space. However, if you use a sealed lead or lithium battery, you don’t 
need to vent the shed since it does not produce gas. 


You don’t need an elaborate venting system for your battery shed. It 
could be as simple as passing a pipe through the high point of the 
battery room or from the battery box to the exterior. A small vent 
close to the door may also aid airflow. The gas produced would rise 
naturally and disperse quickly as long as there is a channel to vent it 
this way. 


Installing the Solar Panels 


Two important considerations in installing the solar panels are the 
direction of the panels and ensuring that they are properly 
supported. This will ensure that the system remains efficient and 
lasts for a long time. Being properly aligned in the right direction will 
ensure optimum power output for your unit. 


Therefore, the biggest question to answer when installing a solar 
panel is which direction is the most efficient to have your panel 
facing. Generally, if you are anywhere in the northern hemisphere, 
the best direction to have your panel facing is due south. Conversely, 
if you are in the southern hemisphere, you should have the panel 
aligned north and titled to the proper angle based on the sun’s 
direction. 


As far as direction is concerned, you have two options for installing 
your solar panel. You can either have it installed at a fixed angle or 
install the panel on a tracking unit that follows the sun’s direction 
throughout the day. 


The panel needs to be tilted to the same angle as your location’s 
latitude for a fixed-angle solar panel system. This is the direction 
where you will get the maximum output. So theoretically, if you are 
on the equator, your solar panel should be pointing straight up, and if 
you are somewhere far up, like in Seattle, the panel should be tilted 
down to an angle of about 47 degrees. 


However, this rule isn’t always black and white. The tilt angle can be 
adjusted based on the time of the year you want maximal output. For 
instance, if you’d prefer to have more energy in the winter, tilting the 
panel down by 15 degrees can increase output significantly. 
Conversely, if you want a higher electricity output in the summer, you 
can tilt the panel up by up to 15 degrees. 


Solar Panel Tracking 


As earlier explained, your solar panel is most efficient when it is 
facing the sun directly all day long. However, while this is possible, 
you'll need a more sophisticated and typically more expensive 
installation for this to be possible. There are full-tracking solar panel 
setups (also known as a 2-axis setup) that can follow the direction of 
the sun for maximal output. However, the extra investment is really 
not worth the output compensation. Simply adding a few extra 
panels to increase the output power is a much cheaper approach. 


Another viable alternative is to build your own solar tracking rack. 
This type of panel rack would have a manual tilt system which you 
can adjust by yourself four times a year (through the seasons). This 
setup is not only cheaper than a motorized system but can also help 
to increase the productivity of the panel by as much as 40% and 
even out production gaps during different seasons of the year. 


A manual solar tracking rack typically comes with a simple frame 
designed with bolts as its hinges and several mounting holes on the 
sides of the rack. The holes are designed in a way that changing the 
mounting hole would increase or increase the tilt by 15 degrees each 
time. With this setup, you can adjust the tilt angle on your own during 
the different seasons. 


Ventilation and Cooling for Solar Panel Setup 


Like your battery system, ventilation is a major consideration for your 
solar panel setup as well. While you need the sunlight to hit your 
panel to produce electricity, abnormally high temperatures (up to 
100°F) can lead to a decrease in panel output. Constantly exposing 


the panel to high temperatures without ventilation may also decrease 
the lifetime of the panel. However, you don’t really need a complex 
ventilation system for a basic solar panel setup. A simple way to 
solve this problem is to allow space for ventilation at the back of the 
panel. This involves allowing an unobstructed flow of air on the 
backside of the panel. 


If you mount your solar panel on the roof of your home or cabin, it is 
recommended that you raise the panel by as much as 6 to 8 inches 
above the roof shingles using the right hardware. Also, if you have 
not roofed your building yet, consider using light-colored shingles. 
These are reflective and will help reduce the temperature around the 
solar panel. 


Wiring Your Off-Grid PV Solar System 


With your battery bank installed and the solar panels fully set up, the 
next step would be to wire up the solar system so everything comes 
together. Again, basic knowledge of electrical wiring may be 
necessary for this stage of your project to ensure that the job is 
properly done and for safety. 


A PV solar system is a low-voltage system. While this means they 
are relatively safe, you must still take proper care and follow 
common sense procedures since all electricity can be potentially 
hazardous, much less a 120 V AC system after the inverter has been 
installed. 


In fact, a grid-connected PV should only be handled by a 
professional. You will need the services of an electrician and the 
consent of your utility company for such a connection. However, for 
an off-grid system where there is no need to connect to existing 
utilities, you may be able to handle it on your own with some basic 
knowledge of wiring and necessary safety precautions. 


Wiring the Solar Panels 
Solar panels can either be wired in series or parallel. This is one of 


the first things to do in wiring your solar panel. Series wiring means 
the positive battery terminals will be connected to the negative 
terminals. For the parallel arrangement, the positive terminals are 
connected to the negative terminals. It is also possible to connect the 
wiring with a combination of both series or parallel wiring. 


At this point, you should at least have an idea of the desired voltage 
for your solar array as well as the maximum voltage that your charge 
controller will Support. The rated voltage of the panels should also be 
known. This is the open-circuit voltage of each of your panels. 


Wiring Solar Panels in Series 


Generally, many installers prefer a series of wiring for their solar 
panels mainly because it helps to save cost on writing. In this case, 
each of the panels you add to the array adds its own voltage to the 
arrangement. Consequently, if there are three 18 volts panels 
connected in series, the total voltage for the array will be 54 volts. 


Note that this total voltage must be less than the maximum input 
voltage for your charge controller to avoid the risk of a blow-out. You 
should also remember that the total voltage of the solar array should 
not exceed the voltage of the solar bank unless you are using an 
MPPT charge controller. Let’s say you are going for a less expensive 
model of the charge controller. In that case, it is often a good idea to 
leave about 10 volts of headroom between the voltage of your array 
and that of the charge controller since these cheap controllers tend 
to burn out easily. Higher-end controllers are already designed with a 
bit of headroom over the quoted rating, so this isn’t necessary for 
them. But you may still opt to leave a bit of extra margin if you want, 
just to be sure. 


Wiring Solar Panels in Parallel 


For smaller array systems, or if you are using a PWM solar array, 
then it is recommended that you use to wire the system in parallel 
(positive terminals to negative terminals). A parallel arrangement is 
also recommended when you have a case of partial shading of your 


array, as this would minimize the effect of the shaded solar cell on 
the rest of the system. 


While the series wiring tends to increase the total voltage of the 
array, parallel wiring increases the total current. A single 18 volt 100 
watts solar panel would give you a maximum current of 5.5 Amps, 
but connecting two panels of this specification together in parallel will 
give you a total current of 11 amps. 


Wiring Solar Panels in Series and Parallel 


Another alternative is to use a combination of series and parallel 
wiring for your solar system. This is usually the approach to use 
when writing larger systems like an off-grid cabin or a full-house 
solar system. In such cases, there are simply too many solar panels 
for you to go for a series connection without exceeding the input 
voltage of the charge controller. Yet, fully parallel wiring will be more 
expensive. In such a case, using a combination of these two wiring 
systems will be more recommended. 


The panels to do this are first connected to form a series string that 
is long enough to give you the desired voltage. Then the strings are 
connected in parallel. Of course, all the strings connected in series 
must have the same voltage. This means they must have the same 
number of panels for each string. 


Using Different Types of Solar Panels 


Generally, for a series connection (or combination system), it is 
considered a bad idea to combine different types of solar panels or 
solar panels of different ages. This is because having one bad solar 
panel in a string series of panels can negatively affect the entire 
string’s output. Also, different brands of solar panels tend to have 
different maximum power points. This will reduce the overall 
effectiveness of the MPPT charge controller since the aggregate 
maximum power will be reduced. 


However, suppose you are using a completely parallel-connected 


system with a PWM charge controller. In that case, it is 
recommended then mixing up different types of panels into the array 
may not be a problem. 


If you add more solar panels to the array in the future or intend to 
use different types of panels, the best connection is to wire the 
different arrays into different charge controllers. Multiple charge 
controllers can be connected to the same battery as long as their 
battery charge profile is the same. The best thing to do is to use 
multiple charge controllers from the same brand and model. 


Using multiple charge controllers also creates a bit of redundancy in 
the off-grid solar system. This way, if one of them is knocked out, you 
will still have some power to get by one while you get the broken 
component fixed. 


Grounding Your Solar Panel 


It is recommended that you ground any exposed metal part in your 
solar array. This is an essential safety procedure. You can do this by 
simply bolting a copper cable to each exposed metal frame, running 
these wires together, and having them bolted to a grounding rod. 
You can speak to a knowledgeable electrician around you to get an 
idea of how deep the grounding rod should go or check local building 
codes to find out. 


Connecting Your Solar Panels to the Battery 
Compartment 


Not every wire can be used for the solar connection. This is because 
most types of electrical wires will not last very long when exposed to 
sunlight. Therefore, when you are running the external wires for your 
solar system, you are recommended to use wires with a solar 
exposure rating. However, if you have already purchased non-solar 
wires, you can run them through a conduit or have them painted. 
This will help prolong its life and avoid damage due to solar 
exposure. 


Another important precaution in solar wiring is to ensure that the 
wires are stable. You can use clamps or wire guides to ensure that 
the wires are not moving. Leaving your solar wires exposed in a 
place where they can be tampered with or broken can damage your 
entire system. 


Another alternative is to bury the wire directly. This is particularly 
recommended in cases where the solar arrays are far away from 
your building. However, you should ensure that your wires are rated 
for direct burial. You can also use a buried conduit system. This 
makes it easier to replace wires or add more wires later on without 
digging up the entire connection since you can simply pull the wire 
through the conduit. 


Wiring Up Your Battery Bank 


The next step for your solar array wiring is to wire up the battery 
bank. If you have several batteries, typical with most off-grid solar 
systems, you need to consider the concepts of series and parallel 
connections. Like the connection for the solar panels, a series 
battery connection will lead to an increase in voltage, while a parallel 
connection will increase current. 


Series vs. Parallel Connection 


Generally, your battery bank capacity voltage should always be the 
same as the voltage of the DV circuit. Usually, this can be 12V or 24 
V. However; it is also possible to have it at 48V. If you are not 
running DV appliances, then you should make the battery bank 
voltage as high as possible without exceeding the AC inverter’s input 
voltage. 


When wiring several batteries, it is usually recommended to hook 
them up in groups of parallels first, then join these groups together 
later in the series. This is the opposite of the case with solar panels, 
where they are connected first in series strings. This arrangement 
will make your system more compact and less complicated. 


Battery Balancing 


When you use different batteries in series connections, they are 
likely to be uneven in how they absorb the power, and this results in 
different charge levels. This is quite a big problem as charge 
controllers use the total battery bank voltage level to work. The result 
will likely be that a lower-voltage battery will quickly become 
damaged because of over-discharging. The charge controller cannot 
do anything about this because it would appear that the system is 
working okay to all intents and purposes. 


As such, when you add new batteries to an existing battery bank or 
connect a completely new bank, you must ensure the bank is level. 
Here’s how to do this: 


e Make sure all the batteries are safely discharged 

e Disconnect your battery bank entirely from your system 

e Connect the batteries in parallel and leave them for 24 hours 
e Reconnect your system in series as needed 


Best practice says that you should use a multimeter to check your 
battery levels as often as you can. That way, you can monitor the 
battery balance, and when they begin showing different voltage, you 
can manually re-balance the system. 


Battery Management Systems (BMS) 


You should do something else, more specifically where your battery 
connection is lithium, aside from manual leveling when you install a 
battery management system for the battery bank. Lithium batteries 
are prone to catastrophic failure when they fall under voltage. Thus, 
only carrying out occasional manual leveling is not enough in most 
cases. 


A battery monitoring system (BMS) is designed to constantly monitor 
the voltage level of each battery in your battery bank. Many battery 


monitoring systems only monitor the system and will disable the 
bank if any of the batteries exceed the limits set. In this case, you will 
need to balance the batteries manually before reconnecting. An 
alternative is to go for a self-leveling BMS. These types of battery 
management systems will siphon power from over-filled batteries 
and supply the extra power to the under-filled batteries, thereby 
balancing the system. 


It is also possible to find batteries with an inbuilt battery management 
system. Most lead-acid replacement batteries or high voltage lithium 
batteries tend to have this design. However, you need to install a 
separate BMS on your system for series-connected individual lithium 
battery banks. 


Generally, you should ensure that the BMS you choose has the right 
voltage rating. Each BMS will come with its own wire connection. 
During installation, the ground connection (usually the black wire) is 
connected to the ground connection of the battery bank). Then the 
positive and negative wires are connected accordingly. 


A BMS is also designed in a way that requires you to wire the battery 
output through the BMS. This allows it to serve as a sort of 
emergency disconnect. If this is the case, you have to check to 
ensure that the BMS can handle the current that the system will 
produce. 


Wiring the Solar Charge Controller 


We have now come to one of the most interesting aspects of setting 
up your off-grid solar energy system. Most of your connection is 
ready at this stage, and this charge controller is what brings them all 
together. 


Before you begin with the charge controller wiring, you are 
recommended to cover up the solar panels with a blanket, tarp, or 
any kind of thick sheet. This will ensure that it is not producing any 
power at this time. It is also recommended that you work with 
discharge batteries at this point, if possible. Generally, special care 


must be taken and avoid touching electrical connections directly 
without safety precautions. 


The first thing to do is to install a circuit breaker or switch onto the 
positive end of your solar array and battery bank. You should also 
have one ready on the load side. The circuit breaker offers some 
protection and makes it possible to disconnect any part of the 
system you want to work on safely. 


Connecting Your Charge Controller 


Once the switches have been installed, you can now proceed to 
connect the charge controller to the power. Most charge controllers 
come labeled with positive and negative terminals for the solar 
source and battery bank. They may also have terminals for the load 
as well. The positive ends of the solar array should be connected to 
the positive of the charge controller and the negative ends to the 
negative. This should be done for the battery bank as well. When 
this is done, you can remove the cover from your solar cells and turn 
the switches on. If everything is done right, your charge controller 
should begin charging your batteries now. 


The next step is to select the charging profile for the batteries. 
Charge controllers typically have varying charge profiles, depending 
on what type of battery is being connected. Your charge controller 
user manual should tell you how to choose the charge profile, so 
make sure you follow the instructions carefully. The battery 
manufacturer may also provide specific recommendations, so be 
sure to check those too. 


Temperature Compensation Feature 


Some charge controllers have a temperature compensation feature, 
which will automatically change the battery bank profile depending 
on the temperature. This ensures your battery bank has the optimum 
lifecycle. Some charge controllers are also designed to cut the power 
when damaging temperatures are reached. 


For a charge controller with inbuilt temperature compensation, there 
is usually an extra plug or terminal that will be labeled “temp.” In this 
case, it will have an extra wire which connects to a thermometer that 
plugs into the charge controller. Typically, the manufacturer provides 
a thermometer that will work best with the system. Be sure to use 
this since thermometers from different makers are not usually 
interchangeable. 


Ensure the thermometer is connected as near to your batteries as 
possible. Batteries warm up in a way that making a measure from a 
distance can provide inaccurate readings. 


Connecting Multiple Charge Controllers to the Same 
Battery Bank 


It is possible to connect multiple charge controllers to a separate 
solar array. However, you must ensure that the controllers must have 
the same charge profile setting on them; otherwise, you risk having 
one cut off the power before the others do. Charge controllers are 
meant to be wired to the same battery bank in parallel, i.e., positive 
terminals to the positive terminals and negative terminals to the 
negative. Similarly, if there are load connections to the controllers, 
they should be connected in parallel too. 


Wiring Off-Grid Solar Inverters and DC Loads 


At this stage of the installation, your solar panels should be 
generating some power already and charging the batteries. The next 
stage of the installation involves connecting it to your home, cabin, or 
RV so you can begin using it. For this, you need to install some extra 
components. 


Low Voltage Disconnect 


If the charge controller you installed does not come with a load 
connection, or you intend to draw more current from the batteries 
than the charge controller can support on its own, then you will need 
a low-voltage disconnect. This is a device that monitors the battery 


voltage and cuts them off when the voltage gets too low to avoid 
damage. You will need this low voltage disconnect for systems with 
up to 20A and 12 volts or 24 volts rating. The disconnect is typically 
connected in between the fuse box and the battery bank with the 
ground connected to the negative, battery terminals connected to the 
positive ends of your battery bank, and the load terminals connected 
to your fuse box. 


Fuse Box 


Adding a fuse box to the system is often a great idea for a larger 
system such as whole-house connections, cabins, and large RVs 
where you will be using different electrical components. This makes 
it possible to cut power to specific parts of the circuit where 
necessary. It also increases the safety factor for a high current 
system. Generally, any system that generates up to 20A should have 
a fuse box installed. 


An automotive or marine fuse box would work great as they make it 
possible to choose the fuse ratings you want to meet your specific 
needs. Generally, try to keep the circuit to less than 20A and 
organize each room by room. This could mean having lights on one 
circuit, the fridge on another, sockets on a third circuit, and so on. 
You can refer to the appliance power rating used for your energy 
circulations earlier to group the appliances by circuit. If you already 
have the currents on the table, you simply add up the currents for the 
appliances you intend to add together on a circuit. You can also 
divide the power (in watts) by the voltage to get the current and sum 
them all up to determine the maximum possible draw from each 
circuit. For each circuit, the fuse to use should be rated slightly 
higher than the maximum draw from the circuit for safety. 


The fuse box is usually wired by connecting the load positive to the 
common lead of the box (usually at the top or bottom center). Be 
sure to label each fuse socket and connect the terminal of each fuse 
socket to the positive of the appliance or lights you are connecting to 
it while the circuit lead is connected to the load. Finally, properly 


rated fuses should be inserted into each circuit to complete the 
connection. 


Wiring Your Inverter 


The direct system described above will only work if you are using DC 
appliances. However, since most household appliances operate ona 
direct current, a crucial component of your DC solar system is 
usually an inverter. 


For an AC-only system, the only load that is connected to your 
battery bank will be the inverter. In this case, a fuse box is not even 
needed since the wiring will be directly connected to the inverter, 
which is connected to the load socket on the voltage disconnect (or 
charge controller, as the case may be). 


However, in the case of a DC/AC mixed system, you have to give the 
inverter its own DC circuit with a fuse with the same rating as the 
maximum input current of your inverter. 


For an AC system, the wiring is pretty much the same as the 
traditional home wiring, and small inverters can be wired directly into 
a wall socket. However, for a larger inverter (with more than a 20A 
rating), it should be connected to a traditional circuit breaker box with 
AC circuits and breakers. 


This sums up the installation guide for a DIY off-grid PV solar 
installation. | have covered every step of a generic PV installation 
system, beginning with how to design and properly size, choose the 
right component, install the various components of your PV system 
and connect it to your home. Of course, this general guideline may 
vary depending on the specific nuances of the system you are 
installing. 


Conclusion 


Here we are at the end of our wonderful journey, a journey in which 
we have seen how a simple dream can turn into reality. 


The dream is to be independent, travel, use clean energy, and be 
respectful of the environment whenever and wherever you are. 


You learned how a system is made in its smallest details; you 
learned to calculate the domestic needs, where and how to place 
your panels, to size the battery load to always have enough energy 
for your needs, and much more. 


A lot of information has been given to you in this manual. 


| am the first to realize that it is not easy to build a photovoltaic 
system on your own, which is why | invite you to reread these simple 
steps over and over again until you become self-sufficient in building, 
managing, and maintaining your system in complete autonomy. 


Now let me tell you something, the greatest satisfaction you can 
have is now to open your favorite beer fresh, sit comfortably in your 
favorite chair at sunset and enjoy the sun that greets the day, the 
same sun that allowed you, thanks to its infinite rays, to be there 
where you are now Satisfied and proud of what you have done. 


With an off-grid system, you can do even more. These autonomous 
power generators produce electricity the same way as their grid 
counterparts. They do that by harnessing the sun’s energy and 
converting it into alternating current. However, because they have no 
connection to the utility grid, they allow for complete self-sufficiency. 
The system stores any energy it produces in a series of batteries, 
which you can use during the night and whenever the system isn’t 
able to generate power due to weather or any other reason. Despite 
this system requiring a few more components than the grid-tied 


version, you will never depend on our utility company for energy 
again. 


If you aren't familiar with solar power setups, understanding how 
they work can prove rather challenging. This book will help you 
understand how an appropriately set up off-grid system can make 
your home self-reliant energy-wise. In addition to reducing or even 
eliminating your utility bills, solar energy provides you with an 
Opportunity to build a more sustainable future. But before you plan 
your dream setup, you must familiarize yourself with the main 
components of an off-grid solar system. Furthermore, you will need 
to learn how to calculate your needs to build an array that will 
effectively cut down on energy waste and provide you with the 
amount you need. 


Due to the high level of independence, off-grid solar systems have a 
lot more room for customization. Whether you want to use a solar 
system for indoor or outdoor living, you can set up an efficient 
system that will suit your needs with the right strategy. To your 
health, my friend. 


Dear Reader 


| hope you enjoyed the book and that the information was of real, 
practical help to you. 


| have devoted a lot of my free time to helping as many people as 
possible in finding the right information. 


The more people who read this book, the more people we will be 
able to help. 


|, therefore, ask you for the kindness of giving a positive review on 
Amazon. 


It would be a source of pride for me and repay me for all my efforts in 
drafting this manuscript. 


| sincerely thank you. 


